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THE METABOLISM OF HODGKIN’S DIS- 
EASE TISSUE ! 


H. Laser,? The Hodgkin’s Disease Research Laboratory of 
St. Vincent’s Hospital, New York, N. Y. 


INTRODUCTION 


Though Hodgkin’s disease tissue has been the subject of intense morpho- 
logic and pathologic study (1) very little work has been devoted to its 
metabolism. The work reported here was undertaken in an attempt 
partially to fill this gap and, if possible, to establish whether the metab- 
olism of Hodgkin’s tissue conforms to the pattern of normal or malignant 
tissue. A number of related tissues were examined for purposes of 
comparison, such as normal lymphoid organs (lymph nodes, spleen, and 
lymphocytes), hyperplastic lymphoid structures (tonsils), and a variety 
of tumors, as for example lymphosarcoma. 


MATERIAL AND METHODS 


Material: The biological material was obtained by biopsy and used 
for the experiments almost immediately after surgical removal. It 
consisted chiefly of Hodgkin’s nodes, a few specimens of human spleen and 
polymorphonuclear cells from pleural exudates and tonsils. Included 
in this study were lymphocytes, which were obtained from the thoracic 
duct of the rabbit, and nodes from lymphosarcoma-bearing mice. Leuko- 
cytes and lymphocytes were spun down by slight centrifugation and 
suspended in an aliquot amount of supernatant liquid, cell counts being 
made for relating the metabolic changes to numbers of cells. 

Methods: Warburg’s indirect manometric method (2) was used with 
differential manometers and square vessels of about 15 ml. volume; 
the fluid volumes of the pair of vessels were 5.5 (Vy) and 1.5 ml. (v;). 
The medium was Ringer bicarbonate +0. 2 percent glucose (3) in equilib- 
rium with 5 percent CO,/O,. Anaerobic glycolysis was measured in a 

' Received for publication October 12, 1950. 


? This work was undertaken while the author was on leave of absence from the Molteno Institute, University 
of Cambridge, England. 

+ Supported by grants from the Nationa] Cancer Institute of the U. S. Public Health Service, the American 
Cancer Society, and the Damon Runyon Memorial Fund. 
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single vessel containing the same medium with 5 percent CO,/N, as 
gaseous phase. About 3 times more tissue slices were put into V> than 
into vy. The medium was first equilibrated with CO, by passing the gas 
mixture through it for 15 minutes. It was then quickly pipetted through 
the side openings into the vessels, which had been attached to the mano- 
meters and which were flushed with the gas mixture previous to, during, 
and for a few minutes after, filling in the medium. The slices were last 
inserted through the side openings, while the gas was still passing. This 
procedure obviates the repeated gassing of the vessels and equilibrating 
of the medium with the gas mixture, which otherwise are necessary with 
the indirect method. The zero reading can thus be taken immediately 
after temperature equilibrium has been reached, 7. e., 10 minutes after 
inserting the vessels into the bath. In this way as nearly initial rates 
as possible are obtained. 

Leukocytes and lymphocytes were suspended in the medium in which 
they were contained, i. e., pleural exudate or lymph, respectively. As 
their initial glucose level was not known, isotonic glucose solution (5.4 
percent) was added in such an amount as to bring the glucose content in 
these media to 0.1 percent had they been originally free of glucose. The 
cell suspensions were equilibrated with 5 percent CO,/O, or 5 percent 
CO,/N, in the manometer vessels at 37.5° C. by gassing the vessels for 15 
minutes with the water-vapor-saturated gas mixture. The use of pleural 
exudate or lymph, which in protein content resemble serum, necessitated 
accounting for the CO, retention (r) in calculating the CO, constants (4). 
A figure for r=0.06 per ml. of medium has been assumed, being a mean of 
determinations on similar material reported in the literature or obtained 
by the writer in numerous other instances.‘ 

Duration of Experiments: All measurements were made over a period 
of 30 minutes and the quotients (per hour) calculated from these figures. 

Quotients: The calculations were based on final dry weights of tissue, 
thus Qo,, Qco, and Q,*2=O, uptake, CO, production and anaerobic acid 
formation per 1 mg. dry weight per hour. In calculating the value of 
aerobic glycolysis (Q,%) an R. Q. of 0.9 has arbitrarily been assumed 
throughout (see Discussion). 

Slicing: The tissues were moistened with Ringer’s solution and thin 
(approximately 0.2 mm.) free-hand slices were obtained with a safety- 
razor blade and kept in a shallow layer of sugar-free Ringer’s solution in 
a petri dish at room temperature prior to addition to the manometer 
vessels. 

RESULTS 

Thirteen specimens of Hodgkin’s disease lymph nodes were examined. 
The experimental data are summarized in table 1A, together with some 
relative quotients calculated from these data and arranged in the way 
adopted by Burk et al. (5). Table 1B is an attempt schematically to 
define the histologic picture of the tissues that were used for slicing. 


4 The equipment necessary for the determination of the CO; retention was not obtainable during the short 
time available for this work. However, asr is only a correction factor, a slight inaccuracy in its magnitude does 
not materially alter the relative values of the reactions determined. The results thus obtained agree closely with 
values reported in the literature for leukocytes and lymphocytes. 
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TABLE 1B.—Histologic classification of Hodgkin's disease tissue 
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The number of plus signs designates intensity, ranging from + (trace) to + +++ + (very pronounced, strong) 


The striking feature of the data represented in table 1A is the great 
variation of the figures within the same category. As to the type of 
metabolism, the tissue showed a moderately high respiration (Qo,), a 
fairly high aerobic (Q,°) and a high anaerobic glycolysis (Q,%2), i. ¢., 
features that are generally characteristic of, although not specific for, 
tumors. 

In one case where it was possible to examine separately the fibrous 
and lymphatic parts of the same node, the Q values of the fibrous part 
were higher than those of the lymphatic part (4a, b, table 1A). How- 
ever, this relation was not maintained in other cases, which were either 
predominantly fibrous or lymphatic, as can be seen from a comparison of 
tables 1A and 1B, nor did any definite relation emerge between the metab- 
olism and the presence or absence of reticulum-cell hyperplasia or of 
Sternberg-Reed cells. The “fermentation excess” (U=Q,*?—2Qo,) was 
positive in the majority of cases (10 times out of 13). 

A number of normal and pathologic tissues were examined for com- 
parison. The results are listed in table 2 (human and mouse tumors), 
table 3 (human hyperplastic lymphoid structures, as e. g. tonsils), and 
table 4 (human spleen, lymph nodes, leukocytes, and rabbit lymphocytes). 
There, too, the variations in the absolute values of the quotients were great. 
This was especially the case with the different tumors and with tonsils, 
which in part, however, may have represented inflammatory tissue. A cer- 
tain uniformity as to the order of magnitude of the quotients existed in 
the four cases of spleen that were examined, and in four cases out of five 
normal, 7. ¢., noncancerous lymph nodes. The tumors showed, as ex- 
pected, high aerobic and anaerobic glycolysis in spite of a fairly high O, 
uptake. Tonsils had a similar pattern as, but a slightly higher O, uptake 


than, Hodgkin’s disease tissue, while lymph nodes and spleen had a lower 
aerobic and anaerobic glycolysis than Hodgkin’s tissue with about the 
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same magnitude of O, uptake. The metabolism of leukocytes and lympho- 
cytes corresponded closely to the figures cited in the literature (6), both 
having a high anaerobic glycolysis. The aerobic glycolysis of the lympho- 
cytes was much smaller than that of polymorphonuclear leukocytes, 
as has also been stated by Peschel (7). The majority of the U values 
in all control tissues, including tumors, was negative. 

In table 5 are listed the averages of the Q values and of some relative 
quotients. They were calculated under omission of those values, which 
were obviously well outside the range of the majority of values within 
each category (bracketed in tables 1 A and 3). They reveal the following 
facts: 1) the ratio Q,%2/Q,° was the same in Hodgkin’s disease tissue 
as tumors (<2) and smaller than in normal and hyperplastic lymphatic 
tissue oni 2) the ratio of absolute Pasteur effect/aerobic glycolysis 


and the relative Pasteur effect Ger rae = "x 100) were 


similarly of about the same magnitude in ieneate cen tissue as 
in the tumors, and smaller than in the lymphatic tissues, which have 
been examined. Whether these data imply an impairment in tumors 
and in Hodgkin’s disease tissue of the Pasteur effect, which is governed 
by the Pasteur enzyme (8), can only be stated on a larger material and 
after a more specific examination of some of the factors affecting the 
Pasteur effect, as low O, tension and carbon monoxide (9, 10,11). The 
work of Rosenthal and Lasnitzki (12), which affords the only comparable 
data as to tee and material, showed a similar difference, i. ¢., the 


—Q,° 


quotient - ‘t was between 2 and 3 with normal lymph nodes and 


between 0.7 and 1.25 with malignant tissues. 


TABLE 5.—Averages of metabolic data and of some relative quotients 
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DISCUSSION 


Systematic examinations of the metabolism of Hodgkin’s disease 
tissue have not been reported in the literature. Barron and Harrop 
(6) examined the metabolism of leukocytes of a case of Hodgkin’s disease, 
which showed no difference from that of leukocytes from normal cases, 
and there is the likelihood that among the extensive literature on tissue 
metabolism a few isolated cases of Hodgkin’s disease tissue listed as 
lymphadenoma, malignant lymphoma, malignant granuloma, etc., may 
have escaped the attention of the writer. 
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While the quotients Qo,, Qco, and Q,%2 have been determined exper- 
imentally, aerobic glycolysis (Q,%) has been calculated on the basis 
of an assumed respiratory quotient (R. Q.)=0.9, since the amount of 
tissue available, especially with normal lymph nodes and Hodgkin’s 
disease tissue, was often considered too small to attempt its direct meas- 
urement with one of the commonly used methods (/3, 14), in which a 
disproportionality exists between the large pressure changes caused, on 
the one hand, by the expulsion of the bicarbonate CO, and absorption 
of the total CO, and, on the other hand, the small pressure change pro- 
duced by the tissue metabolism. The calculated values of Q,° may 
therefore differ from the true values by about +0.05XQo,, a difference 
that is not considered large enough qualitatively to falsify the pattern 
of metabolism nor materially to affect the quantitative relation between 
Q,% and Qo,. Although the number of experiments is small and varying 
within each group, the figures, nevertheless, allow of a comparison of the 
general metabolic pattern of the different tissues and of the magnitude 
of the quotients. This seems to indicate that the respiration (Qo,) 
of Hodgkin’s disease tissue is of the same order as that of normal lymph 
nodes and spleen, but smaller than that of tumors and tonsils, while its 
glycolysis (aerobic as well as anaerobic) is of the same order as that of 
tumors, but twice as large as that of normal lymphatic tissues. Tonsils, 
on the other hand, showed also a high aerobic and anaerobic glycolysis. 
However, tonsils must be considered as a growing tissue, and it is known 
that growing tissue has a high anaerobic and relatively high aerobic 
glycolysis. 

The U notation (U=Q,*2—2Qo,) was originally introduced by Warburg, 
though its validity is no longer held by him, when it was shown that U 
was positive in tumors and negative in normal tissues. Many exceptions, 
i.e.;negative U values for tumors, have since been described (15), although 
some of these might need correction, because Qo, and Q,%2 have not always 
been measured in the same medium or have been calculated from experi- 
mental periods of different duration. Unless both respiration and 
anaerobic glycolysis decrease relatively at the same rate with time, U is 
liable to show large variations, or even to change its sign, according to 
whether O, uptake or anaerobic glycolysis declines the faster. All U 
values in this paper were calculated from 30-minute measurements, Q,%2 
being determined at the same time as Qo,. They were found to be 
negative in the majority of the normal tissues as were also the values 
for tumors, with the exception of one sarcoma, while those for Hodgkin’s 
disease tissue were positive in the majority of the cases. The U values of 
normal lymph nodes were also negative in the experiments of Burk et al. 
(5) and of Rosenthal and Lasnitski (12). 

On the basis of these data, especially those concerning absolute values, 
and in the absence of any direct R. Q. determinations, the question 
whether Hodgkin’s disease tissue has a tumor-like metabolism cannot be 
answered with certainty. The decision is furthermore affected by the 
fact that the metabolism of tonsils is very similar to that of Hodgkin’s 
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disease tissue. However, the comparison of some relative quotients 
reveals that Hodgkin’s tissue does share with tumor tissue a number of 


Ne 
features, such as low values for the ratio ee for the relative quotient 


Qu%2— Qu ra... ‘ 
~Q,% and a comparatively low value for the relative Pasteur effect 
Qa*2—Q,% 
(“qa 100 
spleen, and tonsils. These features of similarity between Hodgkin’s 
disease tissue and tumors were present regardless of differences in the 
histologic picture of the Hodgkin’s disease tissue. A claim might, there- 
fore, justifiably be made for classifying Hodgkin’s disease tissue as malig- 
nant, i. e., of the sarcomatous type. In that case the disease might be 
considered primarily not as an abnormality of the lymphocytes, but of 
the reticulo-endothelial system, which is gradually transformed into or 
replaced by sarcomatous fibroblasts, whereas the early lymphocytic re- 
actions are part of an unsuccessful defense mechanism of the body. The 
gradual displacement of the lymphatic structure of the affected lymph 
nodes by fibrous tissue together with an increasing lymphopenia has 
already given support to similar views [for references see (1)]. 

It is realized that some of the above conclusions depend on the validity 
of the assumption that R. Q.=0.9. If the true R. Q. of the tumors and 
of Hodgkin’s disease tissue is lower, and that of the normal tissues higher, 
than 0.9 the observed differences would become more pronounced. On 
the other hand, if the R. Q. of the normal tissues and of Hodgkin’s disease 
tissue is higher than 0.9, the relative differences still remain. 


x 100), all of which were smaller than in normal lymph nodes, 


SUMMARY 


1. The metabolism of Hodgkin’s disease tissue has been examined by 
manometric methods and compared with that of certain tumors and of 
normal lymphatic tissues. 

2. Hodgkin’s disease tissue showed a type of metabolism which is 
characteristic of, but not specific for, tumors, 7. e., high anaerobic and 
relatively high aerobic glycolysis. 

3. The respiration of Hodgkin’s disease tissue, while of the same order 
as that of normal lymphatic tissue, was small in relation to anaerobic 
glycolysis, so that the fermentation excess (U=Q,*2—2Qo,) was positive. 

4. Hodgkin’s disease tissue shared with tumor tissue a number of 
metabolic features, as expressed by relative quotients, which differed from 
those in normal lymphatic tissue and in tonsils. 
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THE EFFECT OF TRIETHYLENE MELA- 
MINE, AUREOMYCIN, AND SOME 4-AMINO 
DERIVATIVES OF FOLIC ACID ON TISSUES 
IN VITRO'? 


Grace ANTIKAJIAN, Pu. D., Louis T. Wriaut, M. D., 
JEWEL I. PLummer, Pu. D.,*and SoLtomon WEINTRAUB, 
M. D., Cancer Research Foundation, Harlem Hospital, 
New York, N. Y. 


Clinical studies of human patients treated with (a) triethylene mela- 
mine, (b) some folic acid antagonists, and (c) aureomycin, as part of the 
cancer chemotherapy program in this hospital revealed certain encourag- 
ing effects (1, 2). A variety of data using triethylene melamine and folic 
acid antagonists in normal and leukemic animals and in ritro preparations 
of plant and animal tissues revealed significant results. Further investi- 
gation of the exact mode of action of these compounds on cells was under- 
taken in order to determine the specific types of cells affected in those 
tissues under observation. The method chosen was an in vitro technique, 
namely, tissue culture, using normal embryonic chick, fetal mouse, and 
adult human neoplastic tissue. 


MATERIALS AND METHODS 


Except as otherwise indicated, cultures were grown at 37° C. in Porter 
roller tubes (3), using a standard Difco lyophilized fow] plasma clot and a 
supernatant nutrient solution composed of 50 percent Gey’s balanced salt 
solution, 20 percent Difco chick-embryo extract, 30 percent human 
placental serum, 0.002 percent phenol red, and 2,000 units per ml. of 
penicillin, after the method of Rose, Pomerat, and Danes (4). The final 
nutrient volume was 0.7 ml. Drugs‘ tested were incorporated into 
nutrient supernatant fluid. Lymph-node tissues from patients with 
lymphomas of various types were generally allowed to grow several days 
before subculturing and consequent exposure to test compounds. Cultures 
were examined daily, and an absence of growth was recorded as 0, while 


! Received for publication February 15, 1951. 
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courtesy of the Lederle Laboratories Division, American Cyanimid Company, Pearl River, N. Y. 
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varying degrees of cell outgrowth were designated as from 1 to 5 plus (+). 
Because of the technique of culturing, these measurements were of neces- 
sity qualitative. 

To permit more detailed cytologic observations, fragments of chick 
spleen were grown on “flying’”’ cover slips on Maximow slides in a clot of 
fowl plasma, chick-embryo extract, and human placental serum, after a 
procedure described by Cameron (5). In addition, 1,000 units per ml. of 
penicillin were incorporated into each clot. 


RESULTS 


A summary of observations on roller-tube flask cultures is presented in 
tables 1 and 2. For the first 48 to 72 hours, control cultures of lymph 
nodes were characterized by the migration of large numbers of lympho- 
cytes and some leukocytes. Rapid fibroblastic growth generally followed. 

Of the drugs tested against lymph-node tissue from human patients 
with neoplastic disease, fetal mouse and chick-embryo tissue, triethylene 
melamine was the most toxic, producing complete inhibition of fibroblast 
and wandering cell growth at a concentration of 0.05 mg. per ml. and partial 
inhibition at lower concentrations (table 1, experiments 2a, 2b, 5a, 5b, 7c, 
and 7d; table 2, experiments 2b, 3d, 3e, 3f, 5c, 5e, and 5f). The fibroblast 
cells of all node cultures of chronic lymphatic leukemia, growing in the 
presence of 0.5 mg. per ml. A-methopterin (table 1, experiment 6c), had 
larger nuclei (324 X16) than the nuclei of control fibroblasts (20u X< 12,). 
Except for triethylene melamine, none of the drugs prevented the migra- 
tion of lymphocytes and leukocytes from the explants. 

Daily observation of lymph-node cultures on Maximow slides from cases 
of chronic lymphatic leukemia and lymphosarcoma (Case No. 2), treated 
with 0.05 mg. per ml. triethylene melamine, revealed the absence of even 
initial fibroblast growth, disintegration of existing lymphocytes and mono- 
cytes, and sarcoma cells present in the latter cultures. Fibroblast growth 
was less affected in Hodgkin’s disease lymph-node cultures, while controls 
had extensive outgrowths of swirling fibroblasts. 

Cultures of chick-embryo spleen on Maximow doubie cover slips, when 
combined with 0.2 mg. per ml. triethylene melamine, showed 50 percent 
retardation of leukocyte and lymphocyte migration at the end of 22 hours 
of drug exposure (table 3). After 17 days, control cultures had abundant 
fibroblast growth, while drug-treated cultures showed complete cessation 
and disintegration of all outgrowing cells. 
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TABLE 3.—Average migratory rate of wandering cells in chick spleen cultures 























Experiment | —— 22 hours exposure | 96 hours exposure 
Triethylene melamine exposed cultures 1—6- - +4 of 4. 
Contrel oullures 7-12... .. .. 2.52.0 + he oe he of ae eel 
| | 
DISCUSSION 


The potency of triethylene melamine as a cytotoxic agent was demon- 
strated by the relatively low concentration of drug needed to produce 
complete inhibition of cells. Such inhibition by triethylene melamine 
in cultures of lymph nodes from a case of chronic lymphatic leukemia and 
a case of lymphosarcoma (Case No. 1) was in agreement with the marked 
clinical improvement in the two patients receiving the drug (1, 2). Simi- 
larly, when tissue cultures of nodes from Case No. 2 of lymphosarcoma 
revealed only a partial inhibition of growth by triethylene melamine, the 
patient had shown only slight clinical improvement (1, 2). 

The disintegration of nuclear elements in triethylene melamine-exposed 
chick-spleen cultures suggests the site of drug action. Rose et al. (6) 
reported almost complete suppression of mitosis or abnormal division 
figures in rats with Walker carcinosarcoma 256 when injected with this 
drug. 

There was no appreciable diminution of outgrowing fibroblasts, sarcoma- 
cell sheets and epithelial-cell growth in human malignant or normal fetal 
mouse and chick-embryo tissue in the presence of 4-amino derivatives of 
folic acid, except for one experiment (table 1, experiment 6c) using 
A-methopterin in lymph-node cultures of chronic lymphatic leukemia. 
These results agree with those of Jacobson and Pomerat (7), Gunz (8), 
and de Ropp[{(9). On [the basis offin vivo experiments involving animals 
adrenalectomized before administration of 4-amino pteroylglutamic acid, 
it has been postulated that this drug has both an indirect, hormonally 
mediated, as well as a direct inhibitory action on the lymphatic system 
(10). This may provide a partial explanation for the low toxicity of 
folic acid antagonists for some animal tissue in vitro. 

The appearance of large atypical nuclei observed only in lymph-node 
cultures exposed to A-methopterin, and not in untreated cultures, would 
appear to correlate with giant nuclei observed in the intestinal epithelium 
of dogs intoxicated by 4-amino-N”-methyl pteroylglutamic acid (11) and 
of mice and rats injected with lethal doses of 4-amino-pteroylglutamic 
acid (12). 

SUMMARY 

1. Triethylene melamine, incorporated for 6 to 8 days in cultures of 
lymph nodes from cases of lymphosarcoma, chronic lymphatic leukemia, 
reticulum-cell sarcoma, normal fetal mouse skin and heart, and chick- 
embryo heart produced complete inhibition of fibroblasts, epithelial cells, 
and sarcoma cells at a concentration of 0.05 mg. per ml. and partial 
inhibition at 0.005 mg. per ml. 
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2. There was relatively less inhibition at 22 hours of leukocytes of 
chick-embryo spleen at a higher concentration of triethylene melamine, 
namely, 0.2 mg. per ml. 

3. The effectiveness of triethylene melamine as a cytotoxic agent was 
demonstrated by the lower concentration of the drug required to produce 
complete inhibition, as compared to the other drugs tested. 

4. A slight reduction in total fibroblastic growth in cultures of lympho- 
sarcoma and chick-embryo heart was produced by aureomycin at a 
concentration of 0.1 mg. per ml. 

5. 4-amino-pteroylglutamic acid (aminopterin) and 4-amino-pteroy] 
aspartic acid (amino-an-fol) at concentrations of 0.1 to 0.5 mg. per ml. 
appeared to exert no significant inhibitory action on growth of fibroblasts 
in roller-tube cultures. 

6. 4-amino-N"-methyl pteroylglutamic acid (A-methopterin) at a con- 
centration of 2.0 mg. per ml. had no effect on fibroblastic rate of mitosis 
of mouse fetal heart or of chick-embryo heart and one series of lymph-node 
cultures of chronic lymphatic leukemia. However, in the latter tissue 
cultures, nuclei were considerably enlarged. 

7. The antifolic acid derivatives tested at concentrations that were 
higher than those of triethylene melamine showed relatively slight in- 
hibitory and little cytotoxic effects on fibroblasts, epithelial cells, sarcoma 
cells, and wandering cells of the tissues tested. 
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HISTOLOGY OF EARLY REACTIONS OF 
SKIN AND MUCOUS MEMBRANE OF THE 
LIP OF THE MOUSE TO A SINGLE APPLI- 
CATION OF A CARCINOGEN !? 


Barnet M. Levy, Rosert Gor.in, and Rosert GoTtTse- 
GEN, Columbia University, School of Dental and Oral Sur- 
gery of the Faculty of Medicine, New York, N.Y. 


The object of this study was to determine the early changes in the skin 
and mucous membrane of the lower lip of mice following a single painting 
with 9,10-dimethyl-1,2-benzanthracene. The skin reaction to various 
carcinogenic agents, especially the methyl derivatives of cholanthrene and 
benzanthracene, has already been described (1-7). Pullinger (8), in a 
comparative study with various polycyclic hydrocarbons, found that 
9,10-dimethyl-1,2-benzanthracene was as effective as methylcholanthrene 
in the production of skin tumors. 

No studies of the comparative reactions of skin and of oral mucous 
membrane to a carcinogen have been recorded. 


METHOD 


Eighty male Swiss mice, 7-9 weeks old, were anesthetized by intraperi- 
toneal injections of Nembutal. The carcinogen 9,10-dimethyl-1,2- 
benzanthracene was dissolved in benzene in concentrations of 0.6, 2.0, and 
4.0 percent. The solution was applied in a single stroke with a No. 6 
camel’s hair brush. The brush was dipped, the excess solution was shaken 
off, and the skin side of the lip was painted to the glabrous margin. After 
the brush was redipped and shaken, another stroke was made on the 
mucous-membrane side of the lip from the glabrous margin to the sulcus. 
The 0.6-percent solution was applied to 43 mice, the 2.0-percent solution to 
15 mice and the 4.0-percent solution to 15 mice. Seven mice were painted 
with benzene and served as benzene controls. 

Two to four animals were killed at 1, 2, 3, 5, 7, 9, 10, 14, 17, 21, 24, 30, 
or 32 days following the application of the carcinogen. The lips were 
removed, cut in parallel and perpendicular directions to the long axis, 
stretched on thin sheets of mica, and fixed in formalin. All animals 
received 0.025 milligrams of colchicine 4 hours before death to bring out 
the potential mitotic activity of the epithelial cells. 


' Received for publication April 23, 1951. 
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GROSS FINDINGS 


The initial effect present in all of the animals by the 3d day was epilation 
of that portion of the skin painted with the carcinogen. This persisted 
throughout the experimental period. 

Edema also followed the application of the carcinogen, but lasted only 
3 to 5 days. In the 3d week following the application of the carcinogen 
a firm, nodular, tumor-like growth appeared in some animals. 


MICROSCOPIC FINDINGS 


NorMAL Histo.ocy or THE Mouse Lip 


Skin surface-—This surface normally has a thin epidermis, consisting 
of two layers of small, undifferentiated epithelial cells covered by keratin. 
There is an occasional mitotic figure in the basal layer. Sebaceous glands 
and hair follicles are present in large numbers in the dermis (fig. 1). 

Mucous membrane surface.—This has an epithelium much thicker than 
the skin. It is well differentiated, consisting of a basal layer of cells whose 
axes are more or less perpendicular to the basement membrane; a zone 
of 5-8 polygonal cells, corresponding to the stratum spinosum in human 
skin and mucous membrane; a layer of 6—8 cells with axes parallel to the 
surface, possessing hematoxylin-positive granules in the cytoplasm; and 
a thin cornified surface layer (fig. 3). 

Changes following painting with carcinogen.—The primary change that 
occurs after painting the lip with 0.6-percent carcinogen is an alteration in 
the epithelium of the skin surface. The only change that occurs in the 
mucous membrane is a transient submucous edema during the 1st week 
(fig. 4). 


Microscopic FINDINGS IN SKIN 


1st day.—The undifferentiated epithelial cells enlarge and differentiate 
into strata germinativum, spinosum, granulosum, and corneum. However, 
the cellular layers are irregular, the nuclei and the nucleoli are pleomorphic, 
and many of the cells are hyperchromatic. There is no increase in mitotic 
activity. The cells of the hair follicles are pleomorphic and hyper- 
chromatic. There is a slight hyperemia of the supportive connective 
tissue, which is infilirated by occasional polymorphonuclear leukocytes, 
monocytes, and macrophages. 

In the skin area receiving the direct application of carcinogen (the 
central area) this differentiation continues for 3 days. 3d day.—There is 
a degeneration of the epithelium; only a single layer of viable, elongated 
epithelial cells remains, and this is covered by a thick mass of eosinophilic 
keratin. Occasional “ghost” epithelial cells are seen. Necrosis extends 
into the area below the epithelium, producing partial destruction of the 
hair follicles and infiltration of the connective tissue with large numbers 
of inflammatory cells. The collagen fibers are swollen and fragmented, and 
the blood and lymphatic capillaries are dilated and engorged with red 
blood cells. The sebaceous glands show pressure atrophy from blockage 
of the follicles with keratin plugs (fig. 8). 





EFFECT OF CARCINOGEN ON SKIN AND MUCOUS MEMBRANE 277 


Skin adjacent to the central area (that tissue receiving less carcinogen 
per unit area) does not undergo necrosis, but maintains the differentiated 
epithelium (figs. 6and7). In this area, the follicular cells remain viable 
and proliferate, forming elongated papillae (figs. 2, 6, and 7). 

7th day.—The skin in the central zone shows evidence of epithelial 
regeneration. Mitoses are relatively common. The epithelium that 
previously consisted of 1 layer of elongated cells is hyperplastic, being 
8-10 cells thick. 

After the 7th day, the individual response to the carcinogenic solution 
varies tremendously. In a large percentage of the mice there is a gradual 
return to normal. In others the differentiation persists, so that by the 
21st day epidermoid cysts are developed from the hair follicles. The cystic 
spaces are lined by a few epithelial cells, and the lumina are filled with 
keratin (figs. 9 and 10). Epithelial islands are present in the dermis. 
The epithelium shows numerous mitotic figures. In a few areas the cysts 
apparently have ruptured, throwing keratin masses into the surrounding 
areas and causing a foreign-body reaction, characterized by macrophages, 
giant cells, and chronic inflammatory cells. 

Effect of 2.0 and 4.0 percent carcinogen.—The sole difference »rved in 
the response of the skin to these higher concentrations of the er - ris 
that more extensive necrosis occurs about 3 days following their applica- 
tion. The mucous membrane is as refractory to the higher concentrations 
of carcinogen as it is to the 0.6 percent solution (figs. 11 and 12). 


DISCUSSION 


The response of the epidermis to a single application of the carcinogen in 
our study resembled that reported by other investigators. A striking 
finding was the difference between the reaction of the skin and the reaction 
of the mucous membrane to the carcinogen. The mucosa was entirely 
refractory, with no microscopic change observed. Why the mucosa 
resists the action of the carcinogens while the skin undergoes marked 
change is not certain. Whether this resistance is due to a protective layer 
of mucus or to the absence of sebaceous glands seems worthy of further 
investigation. 

The exact role played by the sebaceous glands in epidermal carcino- 
genesis has been the concern of several investigations. Lacassagne and 
Latarjet (9) showed that a skin free from hair follicles and sebaceous 
glands was refractory to the carcinogenic action of methylcholanthrene. 
There appear to be two mechanisms operating in opposition to each other. 
The first is that of the glands promoting carcinogenesis by acting as a 
“portal of entry.”’ The second is that of the sebum hindering carcino- 
genesis by acting as a protective agent (10-12). Various histo- and 
cyto-chemical studies of total lipid, cholesterol, lipid phosphorus (12), 
and lipase (13) content in epidermal carcinogenesis have failed to clarify 
the precise role of sebaceous glands. 

In postulating the reason for the resistance of the mucous membrane to 
carcinogens, there are, therefore, at least two factors to be considered. 
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The first is the lack of a portal, due to the absence of sebaceous glands in 
the mucous membrane; the second is the presence of a protective layer of 
mucus. The use of an antisialogogue, such as atropine, or the extirpation 
of the major salivary glands in conjunction with the application of a 
carcinogen to the oral mucous membrane might help to clarify the problem, 


SUMMARY 


The carcinogen 9, 10-dimethyl-1, 2-benzanthracene was employed in 
single paintings of the skin and mucous-membrane surfaces of the lips of 
young Swiss strain mice. Comparative histologic study of the two surfaces 
following application of the carcinogen revealed that the skin surface 
showed changes comparable to those described by other investigators and 
that the mucosal surface remained entirely refractory. 
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PLATE 24 


Ficure 1.—Photomicrograph of skin surface of lip of untreated mouse. 


The epithe 
laver is two cells deep. 


There are large numbers of sebaceous glands. 

FiGuRE 2.—Photomicrograph of skin surface of lip, 5 days following application of 0 
percent carcinogen in benzene. There is a marked differentiation of the epitheliu 

and a hyperplasia of epithelial cells producing elongated rete pegs. 


Pleomorphism 
and hyperchromatism of individual cells is common. 


The sebaceous glands ha 
degenerated, and there is an accumulation of inflammatory exudate in the coriur 
Ficure 3.—Photomicrograph of mucosal surface of lip of untreated mouse. 


FiGurRE 4.—Mucosal surface of lip of carcinogen-treated mouse, 1 week following 


application of 0.6 percent solution of 9,10-dimethyl-1,2-benzanthracene, showir 
submucosal edema but no change in the epithelium. 
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PLatTeE 25 


Composite photomicrograph of skin surface of lip extending from the area of dir 
application of the carcinogen to include the normal skin, 5 days following a singh 
application of 0.6 percent 9,10-dimethyl-1,2-benzanthracene in benzene 
Figure 5.—Normal skin. 

Figure 6.—Region of epithelial hyperplasia, representing marginal area receiy 
less carcinogen per unit area than figure 7 
FIGURE 7. 


Margin of ulcer showing crust, subepithelial edema, and inflammatory 
infiltrate. 


Fiat RE & Area of epithelial regeneration following ulceration 
of a single laver of fusiform cells 


marked than in figure 7 


Epithelium cons 


Edema and inflammatory infiltrate 


are less 
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PLATE 26 

FicgurE 9.—Photomicrograph of skin surface of lip, 28 days following application of 
0.6 percent carcinogen in benzene. There are hyperplasia of epithelial cells and 
islands of epithelium in the dermis, some of which have become cystic and filled 
with keratin masses. There are numerous inflammatory cells in the subepithelial 
connective tissue and an absence of sebaceous glands. 

Figure 10.—High-power photomicrograph of figure 9, showing keratin-filled epithelial 
cysts. 

Figure 11.—Photomicrograph of margin of ulcer on skin surface following applicatior 


of 2 percent carcinogen in benzene. There are a crust of necrotic debris and fibrir 


subepithelial edema, and atypism of epithelial cells. 

Figure 12.—Photomicrographs of ulcer on skin surface of lip following 4 percent 
carcinogen in benzene. Note thick crust. A single layer of elongated epithelial 
cells covers the surface. There is marked edema in the subepithelial tissue. 
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FERTILITY AND CANCER OF THE BREAST 
AND OF THE UTERINE CERVIX. COM- 
PARISONS BETWEEN RATES OF PREG- 
NANCY IN WOMEN WITH CANCER AT 
THESE AND OTHER SITES! 


ALEXANDER G. GiLiiaM, Epidemiology Section, National 
Cancer Institute,? Bethesda, Md. 


INTRODUCTION 


It is generally regarded as an established fact that marriage, or events 
such as childbearing which are incident to it, reduces a woman’s chance of 
developing cancer of the breast and increases her risk to cancer of the 
uterine cervix. The evidence supporting this view is of three general 
types and is derived from both official vital statistics and special studies. 
One general type of evidence depends upon mortality statistics (1-5). 
These show, for single women, higher age-specific death rates from cancer 
of the breast than are observed among the married. For cancer of the 
cervix on the other hand, higher age-specific death rates prevail among the 
married.* A second type of evidence, based on birth and mortality 
statistics, shows a greater inverse correlation between birth rates and 
deaths from cancer of the breast than is observed with cancer of the 
cervix (4). 

The third general type of evidence is derived either from compilations 
of large clinic series or from case-history studies set up especially to obtain 
specific epidemiological data from cases and controls. Studies of this 
type [e. g., Lane-Claypon (6-8), Wainwright (9), Maliphant (70), and 
Lombard and Potter (11) etc.] show, first, that large series of breast-cancer 
cases contain a higher proportion, and cervical-cancer series a lower 
proportion, of single women than observed in the general population, and 
second, fertility is reduced in women with cancer of the breast, and either 
normal or slightly excessive in cervical-cancer patients but with preg- 
nancy occurring at earlier ages among the latter. 

In published case-history studies dealing with clinical material fertility 
is generally expressed as the average number of pregnancies (or live births) 
per married or per married parous woman. In some, consideration is 

1 Received for publication April 30, 1951. 
? National Institutes of Health, Public Health Service, Federal Security Agency. 
* Since marital status, unlike race or sex, does not remain fixed throughout life it would appear justifiable to 


raise some question as to whether or not mortality or morbidity rates as ordinarily computed actually provide a 
reliable measure for comparing cancer risk in single and married women. 
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limited to women who have passed the menopause, and average preg- 
nancies are further adjusted for age and duration of marriage. Green- 
wood’s analysis [in Lane-Claypon (7)] is an example of this kind and 
employs partial correlation to handle these variants. To account for 
multiple marriages, each marriage was counted as an individual patient 
in that study. 

It is feasible, however, to compute age-specific pregnancy rates in a 
series of this kind without resort to correlation techniques and without 
discarding the experience of women who have not attained menopause. 
It is the purpose of this study to apply such a technique to the pregnancy 
histories of a previously unpublished series of cases of cancer at these 
sites and to compare them with patients having cancer at other sites and 
with women with illness other than cancer. A subsequent paper will 
deal similarly with the marriage and separation histories of the same 
patients. 

SOURCES OF RECORDS 

The records under review were collected through a study first instituted 
in 1938 by Drs. Leonard A. Scheele and James A. Crabtree of the National 
Cancer Institute. In July 1940 Dr. Crabtree was transferred and collec- 
tion of data continued under Dr. Scheele’s direction. From July 1941 to 
December 1943 Dr. James A. Hawkins supervised this work. 

The interview schedules employed were comprehensive and included 
questions bearing on past events in the lives of patients that were designed 
to test various hypotheses of human-cancer etiology. Patients for inter- 
view were obtained from the following hospitals: In New York City— 
Memorial, Montefiore, N. Y. City Cancer, Mt. Sinai and Lenox Hill 
Hospitals; in New Orleans, Charity Hospital; in St. Louis, Barnes, and the 
Barnard Free Skin and Cancer Hospitals; and in Columbia, Mo., the Ellis 
Fischel Hospital. ¢ 

In general, patients were unselected as they came for first diagnosis or 
follow-up care. They therefore should represent a cross section of cancer 
patients coming to these clinics. Control histories were generally obtain- 
ed from patients suspected of having cancer and coming to the same hos- 
pitals but in whom no cancer was found. For a brief period at Charity 
Hospital, control individuals were taken from patients hospitalized for 
causes other than cancer or suspected cancer. 

Comprehensive epidemiological records are thus available for approxi- 
mately 10,000 cases of cancer of various sites and 1,000 individuals with 
illness other than cancer. Interviews of patients were undertaken by 
James Eike, Philipp Zinkgraf, Emily Hankla and Bernadette Brady. 
They were selected for their skill in eliciting information and were care- 
fully trained to assure as much uniformity and lack of bias in data as 
possible. 

The records of patients that comprise this study are listed in several 
categories in table 1. It is seen that they include records from a total of 
2,724 patients, of whom 2,523 were ever married (7. ¢., married at some 


4 Records from males, not included in this report, were also obtained from Hines Veterans Hospital in Chicago. 
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time prior to diagnosis) and 201 were never married. The 2,497 cancer 
cases listed in table 1 were taken from a total of 2,614 records for females 
with cancer at these sites. Schedules for 65 patients with multiple pri- 
mary tumors were excluded, as were those of 52 patients with incomplete 
records for items tabulated in this study.® 

Except for two groups of patients, cases interviewed are believed to 
constitute a good and adequate sample of cases treated at these hospitals. 
These groups comprised a few patients who were physically unable to 
undergo a lengthy interview, and some, chiefly in New York City, who 
understood English too poorly to permit much reliance to be attached to 
their answers. The few patients encountered in these two categories 
were therefore excluded and not interviewed. 

It is not known, and no way is known of determining, how well the 
cases at these hospitals constitute a fair sample of all cancer occurring 
in the respective communities. There is little reason to doubt, however, 
that this experience is unduly loaded, in comparison with the general 
population, with patients in the lower socioeconomic classes. Any 
event analyzed that is sensitive to economic status is therefore probably 
biased. However, no reason is known why this—or other—selective bias 
should operate to a different extent in cancers of different sites or in the 
patients selected as controls who appear in this experience. Comparisons 
between women with cancers of different sites in this series would therefore 
appear valid but data derived from these histories are not necessarily 
representative either of cancer at these sites in general, or even of cancer 
in the communities the hospitals serve. This limitation, in one or another 
degree, is unfortunately inherent in virtually all case-history investiga- 
tions. 

METHOD OF ANALYSIS OF DATA 


As previously noted, it is common practice in the analysis of pregnancy 
records of a series of patients and controls to make comparisons in terms 
of the average number of pregnancies in each group.- Some studies are 
further refined and by means of correlation techniques take statistical 
consideration of the average age and duration of marriage in each group. 
Others add an additional adjustment by limiting consideration to women 
who have passed the menopause and are therefore at no further risk of 
pregnancy. The latter adjustment adds unknown bias by introducing a 
further selective factor in a series already subject to much selective bias. 

It would appear desirable, therefore, to employ a method that allows 
more flexibility of analysis and permits computation of rates based on 
precisely defined periods of pregnancy risk. Such rates should take 
direct account of the facts that, 1) women marry at different ages; 2) 
marital status is not fixed throughout life, since some women are widowed 
and divorced and at no fixed age; 3) some widows and divorcees remarry, 


5 The age at onset of menstruation was unknown in 9 of the 568 tabulated cases of cancer of the breast and in 17 
of the 588 tabulated cases of cancer of the cervix among the married non-Jewish whites. For these 26 cases the age 
at onset of menstruation was arbitrarily taken to be at 14 years of age (average age with these 26 cases either exclud- 
ed or included was 13.8 years in each group). 
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and at various ages; 4) menopause does not occur at a fixed age; 5) dif- 
ferent cancers affect women at different ages; 6) fertility varies with age 
and might exhibit different age patterns in women with cancers at various 
sites, and 7) life experience of all patients should be utilized. To be of 
any practical value the method must also be readily understandable 
and not involve too cumbersome arithmetic. These requirements may 
be met through the use of a modified life-table technique employing 
principles similar to those applied by Pearl (72). 

In adoption of a method for computing rates it is assumed that pos- 
sibility of pregnancy commences upon attainment of sexual maturity 
at the menarche and continues to the menopause. It is further assumed 
that the patient is at risk of pregnancy during all of this interval except 
for such periods as she may already be pregnant. Within this total period, 
risk to pregnancy is accentuated during the years of actual marriage. 
Therefore, if the age at menarche, each marriage, each marriage termina- 
tion, the menopause, each pregnancy, and the age at diagnosis of cancer 
are known,° it is possible to assemble life experience of the patients in 
each age group in which they have lived prior to the diagnosis of cancer and 
compute age-specific pregnancy rates. The period at risk may be further 
subdivided and rates obtained for the life experience prior to marriage, 
during marriage, and during periods of widowhood and divorce. 

The method employed in computing pregnancy rates during marriage 
is illustrated in table 2 for 121 ever married, non-Jewish white women with 
gastrointestinal cancer. It is observed that no women were married prior 
to 14 years of age and that 2 were married at this age. On the assumption 
that they were married on the average for half of the year of marriage 
these 2 women contributed a total of 1 person-year of married life experi- 
ence between their 14th and 15th birthdays. At this age there was there- 
fore 1 married person-year. At age 15 these 2 women were still 
married, and an additional 6 were married during the year. For age 15 
there were therefore 5 married person-years (2 women for the full year and 
6 for half a year each). 

This procedure is followed throughout the table. Each individual 
enters married risk at the age she is married regardless of whether this is a 
first or a later marriage. She is withdrawn from such risk at 1) any 
marriage termination (widowhood or divorce), 2) upon reaching 
menopause, or 3) upon diagnosis of cancer at a participating hospital if 
this event occurs prior to the menopause. For the 121 women there were 
thus 141 entrances to risk through marriage. There were 32 withdrawals 
from this risk through widowhood or divorce, 78 through menopause, and 

* It is necessary in all analyses to select a point in time, expressed as age of the patient, at which observations are 
considered terminated. For analysis of pregnancy data this is necessary only for those patients still menstruating 
when they came under observation for cancer. The date of such diagnosis, expressed as age of the patient, is used 
in this study for closing records of patients still menstruating. It would be desirable to employ instead the age at 
onset of cancer. Even if this could be reliably ascertained, however, the date of diagnosis in a participating hospi- 
tal must be used in studies organized in the same fashion asthis. These patients entered record solely because they 
were diagnosed as having cancer at one of the participating hospitals and were willing and able to be interviewed. 
Whatever selective factors brought them in the study are related to this date. The record must therefore be 


considered closed as of this date to avoid introduction of selective factors additional to those operating in bringing 
patients to these particular hospitals. 
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31 through diagnosis of cancer and consequent first entrarce to record 
prior to menopause. Married life experience thus derived at each age is 
accumulated for each 5-year period. The pregnancies, by trimester of 
termination, are also totaled for each 5 years of life experience. 

This procedure therefore assembles in column 7 of table 2 the life experi- 
ence of the ever-married women during the age periods in which they were 
actually married prior to the time they reached the menopause or were 
diagnosed as having cancer. It gives, therefore, in 5-year age periods the 
married life experience potentially at risk of pregnancy with one important 
exception: it does not account for the time the women were actually 
pregnant and therefore not at immediate risk to further pregnancy. An 
adjustment is therefore necessary to obtain a more exact married life 
experience at pregnancy risk. This is accomplished on the assumption 
that women with pregnancies terminating in the first trimester were infertile 
for 3 months; in the second trimester for 6 months, and in the third tri- 
mester were infertile for 9 months. The person-years estimated in each 
5-year age period on the basis of these assumptions have been subtracted 
from the total person-years (column 7) to give in column 12 the married 
person-years at risk of pregnancy.’ Pregnancy rates (column 13) in each 
5-year period are computed with this figure (column 12) as a denominator 
and the number of pregnancies (column 11) as the numerator. 

A somewhat different pregnancy rate may be computed on the basis of 
the total childbearing years at risk prior to cancer diagnosis. In computing 
this period patients are entered at the age of menarche and withdrawn at 
the menopause, or diagnosis of cancer, whichever event occurs first. 
During all of this period (except while already pregnant) never-married 
women are at risk of illegitimate pregnancy. Ever-married women are at 
risk of illegitimate pregnancy during the unmarried portion of their life 
experience ; that is, while single (from menarche to first marriage) and while 
widowed or divorced. The exact procedure followed in computing the 
childbearing period at risk is not illustrated but follows the general 
pattern of table 2 with entrance to and withdrawal from risk as outlined 
above. 


LEGITIMATE AND ILLEGITIMATE PREGNANCY RATES 

Pregnancy rates computed in four different ways are shown in table 3 
for each site and for each racial group considered. These total rates have 
been adjusted to the age distribution of the appropriate life experience at 
risk for all patients. Thus, the legitimate pregnancy rates are adjusted 
to the age distribution of the married life experience for all cases— 
non-Jewish, Negro, and Jewish: illegitimate rates, to the age distribution 
of the total unmarried life experience, ete. Column 1 of table 3 gives the 
total legitimate pregnancy rates for each class of cases. These rates, com- 
puted as illustrated in table 2, reflect relative fertility in each class of 
patients during the period of greatest risk to pregnancy, namely, during 
the years of marriage prior to menopause or cancer diagnosis. 


? This is a rough estimation and does not entirely take into account the fact that, on the average, 6 months of 
any full-term pregnancy belong in the year of the birth and 3 months in the preceding year. 
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Among non-Jewish whites, they fall generally into a high and low group 
with relatively high rates recorded for patients with cancer of the skin 
(28.52), other illnesses (25.94) and cancer of the cervix (24.97) ; and lower 
rates for gastrointestinal cancer (21.69), cancer of the breast (21.50) and 
other genital cancer (20.09). The rate for cancer of the skin is signifi- 
cantly (at a level of P=<.01) greater than that for all other classes except 
cancer of the cervix and other illnesses; that for other illnesses is signifi- 
cantly greater than all except cancer of the skin and cancer of the cervix; 
and the rate for cancer of the cervix is significantly greater than that for 
cancer of the breast, gastrointestinal cancer, and other genital cancer. 
The three lowest rates are not significantly different from each other. 

With regard, therefore, to patients with cancer of the cervix, the legiti- 
mate pregnancy rate is similar to that recorded for patients with other 
illnesses and with cancer of the skin and higher than in all other patients 
considered. Patients with cancer of the breast, on the other hand, ex- 
perienced lower rates than all other classes except those with gastro- 
intestinal and other genital cancer. 

Among the Negro and Jewish patients the same general relationships 
are noted but the differences observed are not statistically significant. 

In column 2 of table 3 are recorded the total pregnancy rates (legitimate 
and illegitimate) for ever-married patients computed on the basis of child- 
bearing life experience. The latter comprises that period of life between 
the menarche and menopause or cancer diagnosis, thus including the total 
potentially fertile period prior to cancer diagnosis. The main absolute 
changes effected by computing rates in terms of childbearing life ex- 
perience is to lower all rates because of increasing the period of risk, and, 
for the same reason, to make additional differences statistically significant. 
The relative changes between rates in columns 1 and 2 of table 3 are due to 
two factors: 1) differences in illegitimacy among the various groups of 
patients, and 2) differences among the sites in the proportion that the 
married childbearing life experience is to total childbearing life experience, 
this being, for example, slightly higher in patients with cancer of the 
cervix than in cancer of the breast (columns 5 and 6). 

It is now observed among the non-Jewish white patients, that in addi- 
tion to the general relationships noted with regard to legitimate pregnancy 
rates, the rate for skin-cancer patients is significantly greater than that 
for cervical-cancer patients. In addition, the rate for patients with other 
genital cancer is significantly lower than for those with gastrointestinal 
cancer. 


The same effect is observed among the Negro and Jewish patients. 
Total pregnancy rates for both these races with cancer of the breast, 
computed on the basis of total childbearing life experience, are of the same 
general order as in the non-Jewish white. Among Negroes, the rate for 
patients with breast cancer is now significantly lower than in the other 
two classes. 


Further relative change in expression of fertility is observed in column 
3 of table 3, where only live births are considered in relation to total child- 
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bearing life experience. The live birth rate in patients with skin cancer 
is disproportionately increased because of the high proportion of preg- 
nancies in these patients recorded as terminating in live births. The 
disproportionate decrease in rates among breast-cancer cases of all races 
is in the same way due to a slightly increased proportion of abortions and 
stillbirths among these patients. 

The same general relationships previously noted are apparent in live 
birth rates computed on the basis of childbearing risk. However, patients 
with cancer of the skin now have a significantly higher rate than all other 
classes. In addition, the'rate for Negro and Jewish breast-cancer patients 
is now significantly lower than those with which it is compared. 

Since retrospective history of live births is likely to be more reliable 
than that remembered for abortions and stillbirths, and since live births 
are generally regarded as inversely related to breast cancer and directly 
related to cervical cancer, they will be subjected to further analysis sub- 
sequently (table 4). 

In column 4 of table 3 are given the rates of illegitimate pregnancy 
recorded for each class of patient. These rates were computed on the 
basis of the unmarried (single, and widowed, or divorced) life experience 
of the ever-married patients and the total childbearing life experience of 
the never-married patients. It is observed that illegitimacy was recorded 
as least frequent among the Jewish patients and most frequent among the 
Negro patients. With regard to classes of illness, it is observed that in 
both non-Jewish white and Negro patients the rates are higher in patients 
with cancer of the cervix though the differences are not statistically sig- 
nificant except as between cancer of the breast and cervix, and skin and 
cervix in the non-Jewish whites. Non-Jewish white patients with gastro- 
intestinal cancer recorded a higher rate (though not statistically sig- 
nificant) than observed in all other cases for this race except patients with 
cancer of the cervix. 

The somewhat excessive illegitimacy rate observed among cervical- 
cancer patients, though not recorded previously, is not unexpected in 
view of other characteristics of such patients in general. Thus, other 
authors have noted an excess prevalence of syphilis (/3),° and a high 
proportion of divorces (14, 15) among cervical-cancer patients. It might 
be expected that patients having characteristics such as these would also 
have a high illegitimacy rate. 


8 Interview schedules for this series contained pertinent questions regarding prior vencreal diseases. The data 
secured have not been analyzed because it is not believed that information on venereal diseases obtained in this 
manner is reliable. The study of Levin et al. (13) employed a more objective procedure. 

This is similarly true regarding illegitimacy data. However, illegitimacy per se was not directly mentioned in 
these schedules. Data presented were derived from pregnancy and marriage data that listed the calendar years 
at which marriage, efc., and pregnancies occurred. Illegitimacy rates in table 3 are probably underestimates, in 
spite of the indirect fashion in which the information on which they are based was secured. 
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LIVE BIRTH RATES BY AGE AND RESIDENCE 


It would appear from the data summarized in table 3 that varying 
degrees of fertility are associated with cancer at several sites. That 
fertility varies widely in different portions of this country is well known, 
however, and it is therefore desirable to reassemble the data with this in 
mind, since schedules analyzed were drawn from patients hospitalized in 
New York City, New Orleans, and Missouri. Sufficient records are avail- 
able for this purpose only for non-Jewish white patients with cancer of the 
breast, cervix, or skin. In table 4 records for these sites are therefore 
grouped for the three areas from which the cases were drawn and age- 
specific and age-adjusted total live birth rates presented. 

With regard to possible regional differences in fertility, as measured by 
live birth rates, it is clear from table 4 that it is high in patients hospital- 
ized in Missouri and New Orleans and materially lower in those from New 
York City. Within each locality, however, the rates are lowest in patients 
with cancer of the breast, higher in patients with cancer of the cervix, and 
highest in those with cancer of the skin. Thus, though fertility does vary 
with locality, the variation with site is independent of regional differences, 
It is to be noted, however, that there is a greater difference between New 
Orleans and New York City patients in the live birth rate for any one site 
recorded, than is observed between breast- and cervical-cancer patients 
in any one locality. Thus, the live birth rate for cervical-cancer patients 
from New Orleans (15.68) is about 70 percent greater than that observed 
in New York City (9.09), while in Missouri where the difference between 
breast- and cervical-cancer patients is greatest, the rate for cervical- 
cancer patients is only 32 percent greater than that among breast-cancer 
patients (14.87 vs. 11.26). In addition, the rates for breast-cancer patients 
from Missouri (11.26) and New Orleans (13.02) are materially higher than 
the rate observed for cervical-cancer patients in New York City (9.09). 

The role that contraceptive practices might play in regional and site 
differences in fertility is not known. Interview schedules used in this 
study included questions for detailed inquiry regarding such practices. 
The retrospective histories obtained, however, are not believed to be 
reliable enough to warrant detailed analysis. For the New York patients 
with cervical cancer, 63 percent denied ever practicing contraception as 
compared with 69 percent of the New Orleans patients. For patients 
with cancer of the breast, those denying contraceptive practices included 
54 percent of the New York patients and 64 percent of those from New 
Orleans. These data are believed to be too unreliable for any importance 
to be attached to them. If they did provide a crude measure of such 
practices, however, they would only account for a portion of the observed 
regional and site differences in fertility. 

With regard to age-specific live birth rates, different patterns are noted 
in patients with cancer at each of the three sites tabulated in table 4. 
In addition, these patterns are similar in the three localities. In each 
locality it is observed that the difference in fertility between breast- and 
cervical-cancer patients is due principally to differences in rates under 30 
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years of age. Prior to this age the rates for patients with cancer of the 
breast are uniformly lower than those of cervical-cancer patients and after 
age 30 they are either equal to or higher than the latter. The high rate 
observed in skin-cancer patients is due to uniformly high rates at 
all ages, though at ages under 25 they are slightly lower than observed 
among those with cervical cancer. 

Further examination, however, is necessary to determine whether these 
differences between sites in age selection of live births are directly asso- 
ciated with fertility per se or are due to other characteristics of these 
patients. Lombard and Potter (11) have emphasized—and it is also 
apparent in this series (15)—that a higher proportion of patients with 
cancer of the cervix had married before age 20 than those with cancer of 
the breast. Differences in the age at marriage that exist between patients 
with cancer at these sites might be responsible for the observed variations 
in age patterns of live birth rates. Since the greatest risk to pregnancy 
involves the married childbearing years, age periods heavily weighted with 
married life experience are correspondingly biased in favor of high fer- 
tility. 

The effect of earlier marriage on the age selection of live birth rates 
may be tested by comparing the patients married before 20 with those 
married at 20 and over, and reducing both series to the common denomi- 
nator of married risk to pregnancy. This has been accomplished in table 
5, where it is seen that irrespective of age at marriage, live birth rates 
computed on the basis of married life experience at each age are regularly 
higher among patients with cancer of the cervix than in those with breast 
cancer. Thus, patients with cancer of the cervix are characterized by 
having a higher live birth rate at all ages while married than is observed 
in breast-cancer patients. Because, however, of different rates of marriage 
and differences in stability of marriage (15), the net fertility of the two 
groups exhibits the strikingly different age patterns noted in the age- 
specific live birth rates of table 4, which are based on total childbearing risk. 

It will also be noted in table 5, however, that the different age pattern 
of live birth rates among skin-cancer patients (observed in table 4) is also 
evident when comparison is made on the basis of married risk to preg- 
nancy. Thus, the legitimate live birth rates are regularly higher than 
those in cervical-cancer patients except for the life experience under 25. 


DURATION AND TERMINATION OF PREGNANCY 


Table 6 shows the duration and method of termination of all pregnancies 
among ever-married patients divided by race and class of illness. With 
regard to duration, it is observed that in general a higher proportion 
terminated in the third trimester among the non-Jewish whites than in 
the other two groups, with the lowest percentage among the Jewish 
patients. When this is considered by class of illness there appears to be 
a slight tendency among breast-cancer patients for earlier termination, 
but the only striking difference is the more marked tendency for pregnancy 
in the skin-cancer cases to continue to term. 
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The highest proportion of pregnancies terminating in live births occurred 
among the non-Jewish whites, with a slightly lower proportion among the 
Negroes and the lowest among Jewish patients. The only striking differ- 
ence among the sites appears to be exhibited by the non-Jewish white 
patients with skin cancer who have the highest proportion of live births 
of all classes and races. 

With regard to method of pregnancy termination, there would appear 
to be no particular site selection. There is no suggestion that cervical- 
cancer patients underwent an excessive proportion of instrumental 
deliveries. The wide differences noted between race, in proportion of 
deliveries that were instrumental, is probably a reflection of different 
hospital practices rather than any difference necessitated by racial 
variation. 

SUMMARY AND DISCUSSION 

The marriage and pregnancy records of 2,497 patients with cancer of 
the breast, cervix, other genital organs, skin, and gastrointestinal cancer 
have been analyzed and compared with each other as well as with those 
of 227 patients with other illnesses treated at the same hospitals. In 
addition to comparisons made in terms of conventional expressions of 
fertility, namely by average number of pregnancies (or live births) per 
ever married (or per ever married, ever pregnant), they have been com- 
pared in terms of age-adjusted rates based on both married, total child- 
bearing, and unmarried childbearing years of risk. This method, not 
previously used in such comparisons employs a modified life-table tech- 
nique and permits calculation of age-specific rates based on a precisely 
defined period at risk. Rates so computed have been further divided by 
race of patient into three classes—non-Jewish white, Negroes, and Jewish. 

Among non-Jewish white patients when comparisons of legitimate 
pregnancy rates are made between all classes of patients, high rates are 
observed in those with cancer of the skin, other illness and cancer of the 
cervix; and significantly (at a level of P=<.01) lower rates in those with 
gastrointestinal cancer, cancer of the breast, and other genital cancer. 
With some slight variation in significant differences, the same general 
relationships are noted when comparisons are made of total (legitimate 
and illegitimate) pregnancy rates based on the entire potential childbearing 
life experience. With live birth rates, computed on the basis of total 
childbearing risk, similar relationships are noted except that the rate in 
those with cancer of the skin is now significantly higher than in all other 
classes. 

Low rates of fertility are also observed among the Negro and Jewish 
patients with cancer of the breast. 

These findings with regard to fertility in breast and cervical cancer 
patients are consistent with those previously reported and based on 
conventional measures of fertility. ‘The somewhat low fertility observed 
in patients with other genital cancer and the excessive rate in skin cancer 
patients has not been noted previously. Since data from other series are 
not available for comparison, no particular importance need necessarily 





PREGNANCY RATES IN CANCER 303 


be attached to the latter observation, however. The excessive rate 
among skin-cancer patients may be due, for example, to a preponderance 
in this series of southern farm women among whom high fertility may be 
expected without regard to the presence or absence of cancer. 

The illegitimate pregnancy rate in non-Jewish white patients with 
cancer of the cervix, computed on the basis of unmarried childbearing 
years at risk, was found to be significantly higher than observed in the 
breast- and skin-cancer patients. This observation has not been recorded 
previously. 

The cases of cancer of the breast, cervix, and skin have been divided 
further into three groups by location of hospital of record and age-specific 
live birth rates per 100 childbearing person-years computed. In each 
locality the age-adjusted rate is lowest in breast-cancer patients, inter- 
mediate in cervical-cancer patients, and highest in skin-cancer patients. 
However, there is a greater difference in live birth rates observed in 
cervical-cancer patients hospitalized in New Orleans and New York City 
than between breast- and cervical-cancer patients in any one locality. 

A striking difference in age selection in live birth rates is observed 
between patients with cancer of the breast, cervix, and skin in all three 
localities when rates are based on total childbearing risk. Breast-cancer 
patients are characterized by having low live birth rates under age 30 
and rates equal to those in cervical-cancer patients after that age. Cervi- 
cal-cancer patients under 25 on the other hand, have the highest live 
birth rates observed in these three classes, and rates comparable to those 
in breast-cancer patients at age 30 and over. Patients with skin cancer 
have high rates at all childbearing ages, although under 25 they are lower 
than those for cervical-cancer patients. 

These differences of age selection in live birth rates between breast- and 
cervical-cancer patients are related to age at, and stability of, marriage, 
since they disappear when comparisons are made solely on the basis of 
married life experience. The age pattern observed in skin-cancer patients 
cannot be explained on this basis. 

Analysis of duration and method of termination of pregnancies indi- 
cate a higher proportion terminating in the third trimester and a high 
proportion of live births among the skin-cancer patients. The data also 
indicate a slightly lowered proportion of live births among the breast- 
cancer patients. There is nothing to suggest that cervical-cancer patients 
experienced an undue proportion of instrumental deliveries. 

As previously pointed out, while it would appear that comparisons 
between various classes of patients in this series are valid, no way is 
known of determining how well they represent patients with cancer at 
these sites in general. This limitation, in one or another degree, is in- 
herent in virtually all case-history investigations. Insofar as it is possible 
to compare these findings with those of other similarly conducted studies, 
however, they are consistent with them in regard to total fertility in 
patients with breast and cervical cancer. Taken in connection with other 
studies, they thus are consistent with the hypothesis that childbearing 

964573515 
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of some degree is etiologically related to cancer of the cervix, and that 
reduced fertility is similarly related to cancer of the breast. The associa- 
tions demonstrated here, or previously, do not provide evidence com- 
pelling acceptance of these hypotheses, however; and other types of 
studies are desirable to clarify this point further. For example, if the 
associations demonstrated are of cause-and-effect significance, multiple 
primary tumors of the breast and cervix should occur less frequently than 
expected by chance. 

If, however, childbearing does in fact afford some protection against 
cancer of the breast, these data suggest that it may be ineffective after 
age 30, since subsequent to then, fertility related to total childbearing 
risk is not essentially different from that observed in cervical-cancer pa- 
tients. On the other hand, if childbearing is of etiologic importance in 
production of cervical cancer, it would appear from these data that it 
exerts its effect prior to about the 25th year. These conclusions, however, 
are bound to the presently unproved impressions that childbearing does 
exert a sparing effect on cancer of the breast and does have etiologic 
significance in cancer of the cervix. 
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CHEMOTHERAPY OF TUMORS IN RATS. 
I. THE TREATMENT OF SARCOMA 231 IN 
THE KING A RAT WITH 2,4,6-TRIETHYL- 
ENIMINO-S-TRIAZINE AND RELATED 
PRODUCTS '?**5 


M. L. Crosstey, J. B. ALtison, W. W. Warnio, and J. B. 
MUENZEN, Bureau of Biological Research, Rutgers Univer- 
sity, New Brunswick, N. J. 


INTRODUCTION 


Preliminary studies (1, 2) have shown that certain ethylenimine deriva- 
tives retard the growth of several types of sarcomata and carcinomata in 
mice. 2,4,6-Triethylenimino-s-triazine was found to prolong the survival 
time of mice with transmitted leukemia (3, 4). Sugiura and Stock (6) 
treated rats bearing established tumors with this product and obtained 
regressions of the tumors in a high percentage of the animals. Rose, 


Hendry, and Walpole (6) have shown that the growth of the Walker rat 
Carcinoma 256 is inhibited by certain ethylenimine compounds containing 
two or three ethylenimine groups. 

This class of compounds was chosen for screening in cancer studies by 
one of us,® early in 1947, as a result of the experience with the products 
in other researches conducted in the laboratories of the American Cyan- 
amid Company. The chemical reactivity of the compounds with sub- 
stances containing hydroxyl and sulfhydryl groups suggested that they 
should be screened for their potential activity in the chemotherapy of 
cancer. 

2,4,6-Triethylenimino-s-triazine and related products were synthesized 
originally and developed during the last world war by Bestian and others 
under the leadership of H. Grune in the research laboratory of the I. G. 
Farben plant at Héchst, Germany (7). The compounds were studied 
intensively for their potential usefulness in textiles but were not tested, 
to our knowledge, in cancer. 


1 Received for publication May 1, 1951. 

2 Presented, in part, at the 118th meeting of the American Chemical Society, Chicago, Ill., 1950. 

* This investigation was supported, in part, by a grant from the American Cancer Society and, in part, by a 
grant from the Damon Runyon Memorial Fund. 

‘ We acknowledge with deep gratitude our indebtedness to Ruthanna Krause for the transplantation of the 
tumors in this investigation. 

§ We are indebted to the Research Division of the Stamford Laboratory of the American Cyanamid Company 
for the synthesis of the compounds used in this investigation. 

*M. L. Crossley. 
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Transplanted Sarcoma 231 in the King A rat was selected by us for the 
initial study of the chemotherapy of tumors in the rat with 2,4,6-tri- 
ethylenimino-s-triazine and related compounds because of the information 
we had accumulated in cooperative research with Margaret Reed Lewis 
on the serum proteins of susceptible, tumor-bearing and resistant rats of 
this strain. Our purpose was to treat the tumor at different stages in its 
development and to study the effect of the drug on both the tumor and 
the animal. We hoped to find the dosage and conditions under which the 
tumor might regress with the least irreparable harm to the animal. The 
treatment was undertaken only after the tumor had grown for several 
days. This should give information more directly applicable to the 
chemotherapy of human tumors than would data on growth retardation 
of the tumor. The cycle of events involved in preventing or retarding 
the growth of the tumor-transplant by administering the drug at the 
time of implantation or soon thereafter, before the tumor is established 
as @ growing neoplasm, may be quite different from that of stopping and 
reversing the processes of growth. The information obtained about 
growth retardation of tumors by chemical compounds may be misleading 
when used to determine the potential usefulness of the products as thera- 
peutic agents in cancer. 

Our program of investigation embraces a comparative study of the 
effects of a number of ethylenimine derivatives and related products on a 
variety of tumors of the rat. 


MATERIALS AND METHODS 


The rats, bred to have a high susceptibility for transplantable Sarcoma 
231, were furnished by The Wistar Institute of Anatomy and Biology. 
We have used both young and adult animals, selecting groups for each 
experiment to be as near as possible about the same weight; the young rats 
to average between 100 and 150 grams and the adults between 225 and 275 
grams at the time of implantation. The rats were treated with penicillin 
when admitted to the colony, each receiving an injection of 15,000 units. 
They were then maintained on an ad-lib. basal diet from 3 to 10 days 
before being used for tumor implantation. 


The sarcoma was originally induced in the King A rat with methylcholan- 
threne (8). It was obtained from Margaret Reed Lewis, to whom we are 
also indebted for the technique employed in preparing and transplanting 
the grafts. It was carried, usually, in young rats and selected for trans- 
plantation about 14 days after its implantation in the carrier. 

The transplant was prepared by killing the carrier with ether, or 
by quickly breaking its neck and then removing the viable portions of 
the tumor, using sterile technique. The viable tissue is found at the periph- 
ery of the tumor and is firm and pink in color. The necrotic tissue is gen- 
erally found near the center of the tumor and is usually deep red and 
spongy. The viable tissue was cut from the periphery in layers, examined 
carefully to exclude any associated necrotic material, and minced as finely 
as possible with scissors. 
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The minced tissue was injected by means of a No. 13 trocar under the 
skin of the left or right lower quadrant of the abdomen of the rat anesthe- 
tized with ether. The implanted rats were fed ad lib. until treatment 
began. Usually the tumor showed no evidence of growth until about the 
4th or 5th day. Thereafter it grew quite rapidly. Takes were obtained 
in about 95 percent of the animals. Treatment was begun from the 7th 
to the 13th day, when the size of the tumor was from 150 to 500 square 
millimeters. 

2,4,6-Triethylenimino-s-triazine (TEM), I, 2,4,6-tris(2-methylethyleni- 
mino)-s-triazine, II, and hexamethylene diethylenurea, III, were used in 
this investigation. The formulas for these are given in text-figure 1. 
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Text-Ficure 1.—Formulas of 2,4,6-triethylenimino-s-triazine,I,2,4,6-tris(2-methyl- | 
ethylenimino)-s-triazine, II, and hexamethylene diethylenurea, ITI. 


Each compound was dissolved in isotonic saline and 0.1 ml. of the solu- 
tion, containing the dose of from 0.018 to 0.2 mg./kg. of the compound, 
was injected intraperitoneally twice daily. Treatment was generally 
continuous for a period of 2 to 3 weeks or until regression was complete. 
In a limited number of cases the solution of the drug was administered by 
intratumor injection. The only other variations in procedure were the 
intraperitoneal injection of four doses daily for only 4 days with no sub- 
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sequent treatment, and the injection of 0.1 mg./kg. twice the first day, 
followed by 0.05 mg./kg. twice daily for the remaining course of the treat- 
ment. 

The animals were pair-fed an 18 percent casein diet described by Wase 
and Allison (9) in order to control the nutritional factors in the growth or 
regression of the tumor. Tumor-bearing controls were always included 
in each experiment and the drug-treated animals were usually the limiting 
groups in determining the food intake each day. In specific cases normal 
and drug-treated control groups were also pair-fed with the tumor-bearing 
and tumor-bearing drug-treated groups. 

The animals of each experiment were weighed periodically, the length 
and width of the tumor measured in millimeters, and the size expressed 
asmm.? The size was then plotted against days after implantation of the 
tumor. The result is only an approximation but it serves as a useful re- 
cord of the comparative changes in the growth of the tumors in the 
treated animals and in the controls. Where complete regression occurred 
the tumor was no longer palpable and the animal was resistant to further 
transplants of the tumor. 

RESULTS 


I. With 2,4,6-triethylenimino-s-triazine (TEM): Based on an LD» 
of 1 mg./kg./D (10) we chose a trial dose of 0.2 mg./kg., given twice daily. 
This proved to be too toxic. After a few intraperitoneal injections the 
animals ate less than usual and lost weight. The toxic effects were also 
manifested by leukopenia, diarrhea, and hemorrhagic areas in the mucous 
membrane of the nose and mouth. The animals died before there was 
any demonstrable change in the tumor. Doses of 0.10, 0.05, and 0.025 
mg./kg. were then tried in groups of three to six animals pair-fed with 
controls from the same group of rats implanted at the same time with 
tumor tissue from the same carriers. Loss of weight and leukopenia were 
the chief toxic symptoms observed with these doses, the lowest being the 
best and safest for continued treatment during a period of 2 to 3 weeks. 

The growth of the sarcoma was retarded by treatment with 0.10 mg./kg. 
twice daily for several days, but there was little or no regression at this 
dose level. The toxic effect on the host was greater than that on the 
tumor. Complete regressions were obtained with both of the smaller 
doses but never in all the animals of a group. There were complete 
regressions of the tumor in 3 animals out of 6 treated with 0.025 mg./kg. 
of the compound twice daily for 7 to 21 days, while there were but 5 out 
’ of 27 treated similarly with the dose of 0.05 mg./kg. 

In two groups of rats the drug was injected intratumorly. The tumor 
regressed completely in two of eight rats treated with 0.05 mg./kg. twice 
daily. This result did not seem to justify the adoption of the method for 
general use. Moreover, in the highly vascularized tumors there was 
considerable hemorrhage after the injection and it was impossible to 
know how much of the injected drug was lost. 

In certain cases it seemed that the beneficial effect of the drug was 
manifested early in the treatment. Therefore, we elected to increase the 
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amount of drug during the first few days and thereafter give either smaller 
doses or stop the drug altogether. A dose of 0.115 mg./kg. injected twice 
the first day and then half this amount given twice a day for the remainder 
of the period of treatment gave no complete regressions. Four injections 
a day of 0.05 mg./kg. in one group and 0.032 mg./kg. in another for 4 
days did not bring about full regression of the tumor. These doses, though 
given for only a short period, produced toxic symptoms. The results 
indicated that the preferred therapy was that with the minimum amount 
of drug which would stop the progress of tumor growth and then reverse 
it without severe injury to the animal. 

The effect of doses 0.10, 0.05, and 0.025 mg./kg. on the blood picture 
was studied in normal King A adult rats of about 250-gram weight. These 
animals were given the indicated doses of the drug twice daily for 7 days 
and then the white blood-cell counts compared with those of control 
animals. Six rats were used in each case and the average results were: 
No drug, 18,250; 0.10, 3,540; 0.05, 4,600; and 0.025 mg./kg. 13,400. It is 
apparent that the two larger doses produced severe leukopenia while the 
smallest dose gave only a slight leukopenia. 

The rats bearing the sarcoma showed a marked leukocytosis. The 
effect of the drug on the blood cells of these animals was offset to some 
degree by this condition. Six animals were used in each case and the 
average white blood-cell counts after 7 days of treatment were: Controls, 
43,000; 0.10 mg./kg. drug, 6,100; 0.05, 22,400; and 0.025, 26,500. 

Doses smaller than 0.025 mg./kg. were then tried and it was found that 
0.018 mg./kg., injected twice daily in the normal rats for 7 days produced 
no leukopenia. The white blood-cell averages for the group of 6 were: No 
drug, 16,633; 0.018 mg./kg., 17,550; and 0.025, for comparison, 15,100. 

Two groups of young rats, one 7 days and the other 9 days after im- 
plantation of the tumor, were treated with doses of 0.022 mg./kg. twice 
daily. There were three untreated and six treated in the first group. The 
average net body weight of the untreated controls was 164 grams at the 
time the therapy was started in the treated group and 128 grams 13 days 
later. The average loss in net body weight was 36 grams. The treated 
animals averaged 142 grams at the start. In three the tumor regressed 
completely, one in 7 days and the other two in 13 days. The animals in 
which the tumor regressed gained an average of 12 grams. The three in 
which the tumor growth was only retarded lost an average of 11 grams. 

The net body weights at the beginning and end of the periods of treat- 
ment were obtained by subtracting the weight of the tumor, calculated 
from the size-weight relation curve (text-fig. 2), from the gross weights. 
The relationship is only an approximation, which is useful as a temporary 
measure for the evaluation of the changes in net body weight. 

In the group of rats selected for treatment 9 days after implantation of 
the tumor, three were untreated and eight treated. Three normal con- 
trols were also pair-fed with the animals bearing the tumor. The average 
weight of the normal controls at the start was 179 grams. After 20 days 
they showed an average gain in weight of 29 grams. The controls bearing 
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TEXT-FIGURE 2.—Approximate tumor-size weight-relation curve, constructed from 
the size and weight data obtained for tumors at various stages of growth. 





the tumor averaged at the start 173 grams net body weight and lost an 
average of 50 grams in 14 to 16 days. Complete regression of the tumor 
occurred in six out of the eight treated in from 16 to 20 days. The 
average net weight of these at the beginning of treatment was 156 grams. 
The average gain in net weight at the end of the period of treatment was 
41 grams. The three animals in which the tumor did not regress lost an 
average of 30 grams. 

Three rats, averaging 165 grams net body weight, implanted at the same 
time as the above, with tissue from the same carrier, were treated with a 
dose of 0.0275 mg./kg.—slightly above the dose that had caused slight 
leukopenia. The treatment began 9 days after the implantation of the 
tumor. Complete regression occurred in two: one in 16 days, and the 
other in 20 days of treatment. These animals gained an average of 36 
grams while the third animal, in which the tumor did not regress, lost 
39 grams. 
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Treatment with these small doses produced the best results obtained 
with the drug—complete regression of the tumor in 11 of the 17 animals 
treated. All of the animals in which the tumor regressed gained weight 
during the period of treatment, while those in which it did not regress 
completely, like the untreated animals, lost weight. It would appear 
that the loss of weight in these animals was due mainly to the effect of the 
tumor and not to the drug treatment. None of the other toxic symptoms 
shown by the animals treated with the larger doses were manifested by 
the animals receiving these smaller doses. 

The growth of the tumor in the six rats given 0.022 mg./kg. of TEM, 
twice daily, treatment beginning 7 days after implantation, is illustrated 
in text-figures 3A and 3B. 
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DAYS AFTER IMPLANTATION 
Text-FicureE 3A.—Growth curves of the tumor in six young King A rats, treated 


from the 7th day after implantation with 0.022 mg./kg. of TEM, twice daily for 
13 days. The broken lines indicate the period of treatment. 


The behavior of the tumor in male and female rats when treated with 
small daily doses of TEM is illustrated in text-figures 4A and 4B. The 
growth of the tumor continued in all four male rats for the first 6 days of 
treatment at rates not greatly different from those before treatment. 
Then regression began at the same time in three. The fact that the growth 
curve broke at the same point may have some significance. In 14 days 
after it began regression was complete for the three. The fourth tumor 
continued to grow at a rate not very different from that of untreated 
controls. 

Nine days after implantation, when treatment began, the tumors in 
the group of female rats were smaller than those in the males. Regression 
started in one tumor at the time of treatment. Growth continued in the 
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other three at a somewhat elevated rate for 6 days as in the pair-fed males, 
then two regressed to completion, and the other continued to grow at an 
accelerated rate. However, this was slower than the rate of growth of the 
tumor in the control animals. 

The growth of the tumor in the 3 male rats bearing the 9-day sarcoma 
when treated with 0.0275 mg./kg. of TEM, twice daily for a period of 
20 days, is illustrated in text-figure 5A. The corresponding growth of the 
tumors in the untreated controls is illustrated in text-figure 5B. These 
animals served also as controls for text-figure 4A and 4B. 

The results obtained with the different average doses of TEM were as 
follows: 

Complete regression of the tumor occurred in 15 of the 29 rats with 
2 daily doses of 0.022 mg./kg. This is 52 percent of the animals treated. 
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TEextT-FicuRE 3B.—Growth curves of the sarcoma in three untreated controls for 
text-figure 3A. 
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DAYS AFTER IMPLANTATION 
Text-FicurE 4A.—Growth curves of the tumor in four young male King A rats 


treated from the 9th day after implantation with 0.022 mg./kg. of TEM, twice 
daily for 20 days. The broken lines indicate the period of treatment. 





There were only 5 similar regressions in 27 animals with 0.05 mg./kg. 
doses of the drug, or 18.5 percent. 

Twenty one animals were treated with doses of the drug averaging 
from 0.064 to 0.115 mg./kg. without obtaining any complete regressions. 

In eight animals in which doses of 0.05 mg./kg. of the drug were admin- 
istered by intratumor injection, there were two complete regressions, or 
25 percent. 

Thus far, all of the rats in which the tumor regressed completely proved 
to be resistant to further transplants of the tumor. On recovery from 
the tumor we have challenged them, first with the same amount of tumor 
tissue, then, with twice the amount, and, finally, with three times the 
normal amount of tissue employed in a single implantation. In all 
cases the result was negative. In 40 controls there was 1 spontaneous 
regression, and the rat was resistant to further transplants. 

TEM had no affect on the susceptibility of the rats for the tumor. 
Normal animals treated for 7 days with different amounts of the drug 
responded like untreated animals when implanted with tumor tissue. 
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Text-Ficure 4B.—Growth curves of the tumor in four young female King A rats, 


treated from the 9th day after implantation with 0.022 mg./kg. of TEM, twice 
daily for 20 days. The broken lines indicate the period of treatment. 
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Text-FicgurE 5A.—Growth curves of the tumor in three young male King A rats, 
treated from the 9th day after implantation with 0.0275 mg./kg. of TEM, twice 
daily for 20 days. The broken lines indicate the period of treatment. 
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Text-FIGURE 5B.—Growth curves of the tumor in three young male King A rats, 
untreated and serving as pair-fed controls for the animals mentioned in text-figures 
4A, 4B, and 5A. 


In several cases we excised the tumor, and when the animal recovered 
from the operation we implanted it again with tumor tissue in the usual 
way. In all cases the transplant established itself and grew normally. 
This was true regardless of the stage of tumor growth before excision, 
for treated and untreated animals alike. At no stage, prior to complete 
or essentially complete regression, was thereffevidence that resistance to 
the tumor had been established. 

II. Treatment with 2,4,6-tris(2-methylethylenimino)-s-triazine: Prelimin- 
ary results indicate that the chemotherapeutic effectiveness of this 
compound in the treatment of Sarcoma 231 is similar to that of TEM. 
At a dose level of 0.0225 mg./kg., the tumor regressed in two of four rats 
treated. The average weight of the rats in the group was 269 grams. 
The average loss of weight per rat during the treatment was 13 grams. 
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From this it would appear that this drug might be somewhat more toxic 
than TEM. 

III. Treatment with heramethylendiethylenurea: The administration of 2 
doses of 0.025 mg./kg. daily for 7 days produced no leukopenia in either 
normal King A rats of 250-gram average weight or in rats of about the 
same weight, bearing Sarcoma 231. This confirmed the previous results 
showing hexamethylenediethylenurea to be less toxic than TEM (10), 

In two series of experiments in which 13 rats bearing the sarcoma were 
treated with doses of 0.019 to 0.0274 mg./kg. twice daily, the tumor 
growth was reversed and regression continued to completion in 9. All 
the animals cured of the tumor gained weight, while those in which growth 
of the tumor persisted in spite of treatment lost weight and finally died 
of the tumor. In the first series the rats were adults averaging about 
330 grams each. The first group of three in this series received 0.019 
mg./kg. of the drug, twice daily. The tumors in two showed an immediate 
reversal of growth and were completely eliminated after 14 days of 
treatment. In the third the tumor continued to grow, and the animal 
died with a large tumor after 10 days of treatment. 

A second group of four rats in the same series was treated at the same 
time and under similar conditions with 0.0387 mg./kg. of the drug, twice 
daily, and after 9 days of therapy only one showed a reversal of tumor 
growth. The dose was then changed to 0.0774 mg./kg. and maintained 
at this level for 25 days. The growth of the tumor was reversed in the 
second and third animals a day after the change and continued downward 
at irregular rates, while the fourth tumor grew rapidly to a very large size 
and the animal died on the 17th day of treatment. After a total of 34 
days of treatment, medication of the 2 rats still having tumor was stopped 
and resumed again after an interval of 5 days. In one of these the tumor 
regressed completely after 2 more days of treatment while the growth of 
the tumor in the other rat progressed at an accelerated rate under the same 
treatment. The rats that recovered from the tumor showed a gain in 
weight in spite of the long period of chemotherapy. The animals with 
tumors, treated and untreated, lost weight. Non-tumor-bearing animals 
treated with comparable doses of TEM lost weight. The effect of the 
drug and the tumor on body weight was greater than either alone. The 
effect on growth of the tumor is illustrated in text-figures 6A—6C. 

In the second series three groups of young rats were used. A group of 
three, averaging 105 grams was given a dose of 0.06 mg./kg. of the drug 
twice daily for 14 days. The growth of the tumor continued in one 
without sign of reversal up to the death of the animal, while in the other 
two it reversed its course after 3 days of therapy, continuing downward to 
complete regression after 14 days of treatment. 

A second group of three in the series bearing a 7-day sarcoma had an 
average weight of 220 grams and received 0.057 mg./kg. of the drug twice 
daily. Reversal of growth of the tumor began in two animals after 3 
days of therapy while in the other it began after 7 days. The regression 
of the tumor was complete in all three rats after 21 days of treatment. 
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Text-FicurE 6A.—Growth curves of the tumor in adult King A rats treated with 
two daily doses of 0.019 mg./kg. of hexamethylenediethylenurea. The solid lines 
indicate periods without treatment. 











The third group of three, averaging 110 grams, was used as controls. 


DISCUSSION 


All three ethylenimine compounds used in the investigation were 
active. The hexamethylenediethylenurea seemed from the preliminary 
experiments to be as effective in the doses used as the TEM. Since 
the hexamethylenediethylenurea does not contain the triazine nucleus 
it would seem that this structure is not essential to the activity of TEM 
and its methyl derivative. Experiments with other products on which 
we shall report later, confirm the opinion that the therapeutic activity 
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is related to the i group and presumably to its high chemical 
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reactivity. 
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Text-Ficure 6B.—Growth curves of the tumor in adult King A rats treated with 
two daily doses of 0.0387 mg./kg. of hexamethylenediethylenurea for 9 days and then 
with 0.0774 mg./kg. twice daily for the remainder of the course of treatment. The 
solid lines indicate periods without treatment. 





The available evidence will not permit of a conclusion at this time about 
the mode of action of such products in bringing about tumor regression. 
We must reserve judgment concerning the action until we have assembled 
the evidence obtained with the other ethylenimines we are investigating. 

In the chemotherapy of cancer, the unknown host factors play an im- 
portant role. In every group of rats we have tried to insure a high degree 
of uniformity but in spite of our efforts there have been differences in 
results with the same method of treatment. The significant facts are that 
well established rat tumors have been caused to regress in the majority 
of the animals by treatment with small doses of the drugs, which caused 
no permanent damage to the rats, and that the animals were then resistant 
to further transplants of the tumor. No tumor regressions were obtained 
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Text-FicurE 6C.—Growth curves of Sarcoma 231 in untreated adult rats pair-fed 
with the treated in text-figures 6A and 6B. 


with doses that were shown to produce marked toxic symptoms during 
the course of treatment. Apparently there is a point beyond which the 
drug is more damaging to the host than to the tumor. 

Preliminary clinical investigations (11, 12) have indicated the potential 
usefulness of TEM in certain types of cancer in humans. 


SUMMARY 


The treatment of King A rats bearing transplanted Sarcoma 231 
with small doses of 2,4,6-triethylenimino-s-triazine has resulted in com- 
plete regression of the tumor in 50 to 75 percent of the animals. 

The therapy was started 7 to 14 days after implantation of the graft, 
when the tumor had established itself as a vigorously growing neoplasm. 
The course of treatment usually lasted from 2 to 3 weeks. 
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The best results were obtained with doses of about 0.02 mg./kg. injected 
intraperitoneally twice daily. 

Two daily doses of 0.025 mg./kg. for 7 days caused mild leukopenia 
in the normal rat, while doses of 0.018 mg./kg. administered for the same 
time produced no leukopenia or other demonstrable toxic symptom. 

The injection of the drug intratumorly twice daily in doses comparable 
to those given intraperitoneally and for similar periods of time did not 
give better results. 

Doses of 0.1 to 0.2 mg./kg. produced toxic symptoms, manifested 
chiefly as severe leukopenia, loss of weight, diarrhea, anemia, and hemor- 
rhagic areas in the mucous membrane of the nose and mouth. No 
regressions were obtained with these toxic doses. 

All the rats in which the tumor regressed completely were thereafter 
resistant to further implants of the tumor. 

The growing tumor did not induce immunity; excision of the tumor 
left the animal still susceptible to further transplants. 

Preliminary results with 2,4,6-tris (2-methylethylenimino)-s-triazine 
and hexamethylenediethylenurea showed them to be effective therapeutic 
agents for the treatment of Sarcoma 231. With the latter, drug regres- 
sions of the tumor were obtained in about 70 percent of the rats treated. 
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ELECTROPHORETICALLY DETERMINED 
BLOOD-PROTEIN LEVELS IN A CASE OF 
ACUTE MYELOGENOUS LEUKEMIA UN- 
DER EXCHANGE TRANSFUSION TREAT- 
MENT! 


F. J. Gurrer,? J. R. Krevans,?* G. A. Movut- 
TON,’ ® and G. Kece.zs? 


INTRODUCTION 


In the course of treating several leukemia patients at Walter Reed 
Army Hospital, the clinical effectiveness of massive exchange blood trans- 
fusions was evaluated (1). At the same time, it was also attempted to 
correlate any changes in the patient’s clinical and blood-cell pictures with 
changes in the protein composition of the blood serum, as determined by 
electrophoresis. 


Electrophoresis has of late been increasingly applied as an aid in the 


diagnosis of certain diseases and in the evaluation of methods of treatment 
of these diseases (2-6). In the case of myelogenous and lymphocytic 
leukemias, Nitshe and Cohen have, using precipitation methods, observed 
nothing specifically characteristic of the diseases in their serum albumin- 
globulin ratios (7). However, this does not eliminate the value of a 
repeated electrophoretic study of the blood-protein pattern of a patient 
for the purpose of attempting to obtain a correlation between blood- 
protein composition and clinical condition. 


The patient was a young soldier who had been hospitalized at Walter 
Reed Army Hospital for a period of 2 months before this study was 
undertaken, and who had received treatment with antibiotics, various 
drugs, and several blood transfusions for a period of 3% months prior to 
the commencement of the study. 


A rather intensive electrophoretic study was made in this case. Serum 
samples were drawn and evaluated almost daily, and in certain instances 
every few hours, for a period of over 4 months prior to the time of the 
patient’s death. 


! Received for publication May 8, 1951. 
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The purpose of this paper is to report the serum protein changes result- 
ing from exchange blood transfusions, and to attempt to correlate, in so 


far as possible, these changes with changes in the patient’s clinica] 
condition. 


CASE HISTORY 


B. W., a 28-year-old white enlisted man, was admitted to the Walter Reed Army 
Hospital on December 17, 1948. His illness began in October 1948, when, while on 
occupation duty in Japan, he complained of pain in the back and right leg. He was 
hospitalized and treated for prostatitis with sulfadiazine. He began to exhibit con- 
tinued temperature elevation and the initial blood count, October 29, 1948, is recorded 
as follows: Red blood cells 2.5 million, hemoglobin 10 grams, white blood cells 10,000, 
differential count: neutrophils 48 percent, lymphocytes 22 percent, monocytes 30 
percent. November 8, the blood studies were repeated and the following results 
were obtained: White blood cells 24,600, differential count: myeloblasts 23 percent, 
lymphocytes 17 percent, platelets 28,000. A diagnosis of acute myelogenous leukemia 
was made. The patient received 1 transfusion of group AB blood (with reaction on 
October 31) and 8 transfusions of group B blood between November 2 and December 
9. He was evacuated by air to Walter Reed Army Hospital. 

Physical examination on admission revealed a lethargic patient who was pale and 
appeared acutely and chronically ill. A few small nodes were felt in the anterior 
cervical chain. The spleen and liver were palpable at the costal margins. The 
patient was running a fever up to 103° F. Initial laboratory examinations gave the 
following results: White blood cells 16,000, differential count essentially unchanged 
from November 8. The urine contained a few red and a few white cells, many hyaline 
and granular casts, and traces of albumin. The blood uric acid was 2.0 mg. per 100 
ml., the total protein 6.9, the albumin 3.3, and the globulin 3.6. X-ray of the skull 
revealed a 6X 3-mm. area of decreased density in the posterior parietal area. Exam- 
ination of sternal-marrow smears showed marked cellularity. The majority of the 
cells present were immature granulocytes. Very few erythrocytes were seen. No 
megakaryocytes were seen. 

The diagnosis of acute leukemia was concurred in, and supportive therapy was 
undertaken. Repeated transfusions were necessary during the months of January 
and February. A course of aminopterin was stopped because of the rapid appear- 
ance of mouth lesions and purpura. In February 1949, it was decided to attempt to 
treat the patient with replacement transfusions. These were administered during 
February, March, April, and May by alternately infusing and bleeding 3 to 5 pints 
daily until a total of 30 pints had been exchanged. Following each series of replace- 
ment transfusions there was marked subjective improvement. On several occasions 
reduction in the size of the spleen was noted. Repeated examinations of bone-marrow 
smears showed no significant change. At various times in his course the effect of the 
administration of washed cells and of plasma on the proteins was determined. In 
June 1949, the patient suffered a severe relapse. He began to run a rapid downhill 
course. Bleeding phenomena were frequent, and he exhibited continuous fever. In 
an attempt to reverse this degeneration a massive replacement transfusion was carried 
out on June 2, 1949. Nineteen pints of blood were exchanged in a period of 3 hours. 
The blood was infused through a No. 15 needle in the antecubital vein while the patient 
was bled via a plastic catheter from the saphenous vein. No calcium was adminis- 
tered during this procedure and, although citrated bank-blood was used, no signs of 
tetany were observed. Following the transfusion, there was some temporary improve- 
ment. However, a marked hemorrhagic tendency again manifested itself, and on 
June 23, 1949, the patient expired. 


Autopsy showed widespread hemorrhages in the skin and mucous membranes. 
There was some blood in the peritoneal and pericardial spaces. Both pleural cavities 
contained large amounts of sanguineous fluid. There was widespread organ infiltra- 
tion with lesions that had the microscopic picture of acute leukemia. Examination 
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of marrow from various sites confirmed the antemortem findings. There were small 
deposits of iron in the pancreas, spleen, and bone marrow, and a moderate amount 
in the liver. No fibrosis was associated with any of the iron deposition. The final 
diagnosis was acute myelogenous leukemia. 


ELECTROPHORETIC METHODS 


The electrophoresis apparatus used was the standard one of Tiselius (8), 
as modified by Longsworth (9). One volume of blood serum was diluted 
with two volumes of 0.1 N sodium diethylbarbiturate, 0.02 N diethyl- 
barbituric acid buffer, 0.1 ionic strength, pH 8.60 (10), and dialyzed in 
the refrigerator against several changes of this buffer for 2 days. Electrol- 
ysis was carried out for 7,200 seconds at an average voltage gradient of 
6.9 volts per cm. Photographs were taken by the schlieren scanning 
procedure of Longsworth (9), and relative and absolute protein con- 
centrations obtained by measuring with a compensating polar planimeter 
the area under each protein peak (11) above the baseline, as located by 
micrometer readings (12). Since concentrations, rather than mobilities, 
were required, all measurements were made from ascending boundary 
patterns, to eliminate errors due to the beta globulin anomaly appearing 
in the descending boundary. In each case exposures were made at 1% and 
2 hours, and the average value of the two measurements was used. The 
assumption has been made, and verified within experimental error by 
Longsworth (10), that in the rising limb all components are held in the 
§ boundary according to their proportions in the mixture. Accordingly, 
we have taken the relative concentration of a component as the area 
under the peak representing it divided by the sum of the areas under all 
peaks except the 5 boundary. To obtain the absolute concentration of this 
component, it is then necessary to multiply the relative concentration 
value obtained from the area under the peak representing the component 
by a factor equal to the ratio of total area including the 5 boundary to the 
sum of areas under all peaks ezcept the 6 boundary. The absolute protein 
concentration C, of the i’th component in the original serum is then 
computed according to the relationship 


:=(A,/E*FGabk){2A,/(2A;— As) }(V/Vo) 


where A, is the area measured in cm.” under the 7’th component peak in 
the enlarged tracing of the diagram, E is the enlarger magnification, F the 
magnification of the electrophoresis cell height on the photographic plate, 
@ the ratio of plate to knife-edge speed in the scanning camera, a the 
electrophoresis cell thickness in the direction of the optic axis, b the optical 
lever from the center of the cell to the scanning blade (for convergent 
light), & the specific refractive index increment of the protein, 2 A; 
represents the total area from end to end of the pattern, A; the area 
under the 6-boundary, and V and V, the volume of sample in the bag 
after dialysis and the volume of undiluted serum in the sample, respec- 
tively. In our apparatus, F is 0.9955, 6 is 183.3 cm., and E, G, and a 
vary from experiment to experiment. The specific refractive index 
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increment is assumed for the purpose of this calculation to be 0.00185 for 
all the proteins. In the vast majority of determinations, reproducibility 
to within 4 percent of the observed concentration (based on albumin 
values) was obtained. Table 1 presents reproducibility data obtained in 
making duplicate runs on each of two serum samples. No consistent 
discrepancies were found between photographs at 1% and 2 hours. 

From February 14 to June 23, 1949, an almost daily electrophoretic 
study was made of the changes in the patient’s serum-protein levels. In 
some instances both morning and evening patterns were examined. In 
the case of the plasma transfusion, samples were drawn and investigated 
just before, immediately after, and 3, 6, and 9 hours after transfusion. 
In studying the effect of the 19-pint transfusion, samples were drawn just 
before, during, and just after transfusion. During periods in which 
there was no treatment, serum patterns were examined every few days. 
In all, approximately 60 serum-protein patterns were obtained electro- 
phoretically. 

Reiner (13) gives the following relative percentages for normal human 
serum proteins (based on 80 normals): Albumin 56.0+2.8, a globulin 
7.2+1.3, a, globulin 8.8+ 1.9, 8 globulin 13.1+2.5, and y globulin 14.7+2.6. 
In our evaluation of two samples of pooled donor serum, we obtained simi- 
lar results. Text-figure 1A is the electrophoretic pattern of pooled donor 
serum used during March 1949. It is an ascending boundary pattern 
taken after 7,200 seconds of electrolysis at a voltage gradient of 6.9 volts 
per cm. Text-figure 1B and C are also ascending boundary patterns, 
taken after 5,400 and 7,200 seconds of electrolysis, respectively. The 
former represents the patient’s most-normal-appearing pattern, occurring 
during the continuous exchange transfusion. The latter pattern, at the 
time of autopsy, is his most abnormal one. Since, according to Cohen 
et al. (14), there is no striking electrophoretic variation between ante- 
mortem and early postmortem serum, this pattern may be taken as 
representative. 


In studying the leukemic sera, we found no correlation between changes 
iN a;-, a,- and §-globulin relative concentrations and the treatment or con- 
dition of the patient. The values for a, were normal most of the time, 
occasionally elevated above normal, and occasionally subnormal. The 
values for a, globulin were above normal most of the time, but occasion- 
ally fell below normal. §-globulin concentration remained fairly normal 
throughout the investigation. For these three globulin components, a 
good deal of scatter in concentration was evident throughout the investi- 
gation, without correlation with transfusion procedure. Isolated deter- 
minations of a- or §-globulin concentrations by electrophoresis and the 
basing of a diagnosis of pathology upon these findings would appear to be 
risky, and probably unwarranted, unless frequently repeated observations 
of the patient’s serum offer a consistent picture. 


The correlation between relative percentage of albumin and the treat- 
ment is evident in text-figure 2, in which the times of transfusion adminis- 
tration are indicated by vertically shaded areas, and the horizontally 
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TEXT-FIGURE 1.—Electrophoretic patterns of human blood serum. 
Patterns traced from the original negatives. 


A.—Ascending boundary pattern of pooled donor serum. 
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B.—Ascending boundary pattern—patient’s most-normal pattern. 
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Ascending boundary pattern—patient’s most-abnormal pattern. 





shaded area indicates normal albumin range. There was an obvious in- 
crease (toward normal) in relative albumin concentration when whole- 
blood transfusions were given, and decrease when transfusions were ended. 
Transfusion of washed red and white blood cells seemed to have little 
effect, whereas plasma again tended to elevate the albumin concentration. 
The effect of the continuous 19-pint whole-blood transfusion was to elevate 
the albumin level to 52-53 percent, the nearest approach to normal at- 
tained. When transfusions were stopped, albumin concentration rapidly 
decreased and became progressively lower until the time of death. 
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TEXT-FIGURE 2.—Changes in blood serum protein and blood cell levels during treat- 
ment with replacement blood transfusions. Vertically shaded areas indicate times 
when transfusions were given. Horizontally shaded area indicates the normal 
range of the blood constituent. 
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It is evident also from text-figure 2 that a similar correlation holds for 
relative y-globulin concentration, which decreased toward normal with 
transfusion, and rose again with cessation. Again plasma seemed ef- 
fective while washed cells were ineffective. The nearest approach to nor- 
mal again occurred during the exchange transfusion, and at its termination 
relative y-globulin concentration rose rapidly till death of the patient. 
At death, the ratio of relative y-globulin to albumin was 1.1 to 1, whereas 
normally it is approximately 0.25 to 1. Throughout the investigation, 
the patient’s total serum-protein concentration ranged between 5.0 and 
9.0 gm. per 100 cc. The normal range is approximately 6.5-8.0 gm. per 
100 cc. (13). It was therefore the relative albumin to y-globulin ratio 
that was strikingly abnormal. 

Text-figure 2 also shows the variations in red blood count, white blood 
count, and percentage of blast cells, respectively, occurring during the 
several stages of treatment. It can be seen that the red blood-cell count 
increased when either whole blood or washed cells were administered, but 
that plasma transfusion did not influence the count. In the early stages 
of treatment, transfusions were able to raise the patient’s red blood count 
to normal, but in the later stages of the disease, even a continuous exchange 
transfusion failed to elevate the count to normal. 

The white blood count was generally elevated above normal by each 
whole blood or washed cell transfusion. This count tended to fall toward 
normal when no treatment was administered. During the exchange 
transfusion, the number of white blood cells rose to roughly six times the 
normal value, and rapidly fell toward normal when the transfusion ended. 
Before long, however, the count was again at its highest point (at the time 
of the patient’s death). 

There was no obvious correlation between treatment and the number of 
blast cells appearing in the blood (text-fig. 2). The number rose and fell 
sporadically. A few days after the exchange transfusion had ended, the 
percentage of blast cells began to increase dramatically and, at the time of 
the patient’s death, comprised about 70 percent of the total white blood 
count. 

DISCUSSION 


Treatment with penicillin, aminopterin, efc., proved ineffective clinically 
and was halted 2 weeks before the electrophoretic study began. The 
effect of these drugs upon the patient’s serum-protein levels is unknown. 

A diminution in relative albumin concentration and rise in relative 
y-globulin concentration were evident in all serum-protein patterns ex- 
amined. This finding conforms with the observations of Brown et al. (15) 
concerning the amounts of albumin and globulin found in the leukemic 
states. There seems to be no doubt, however, that, in the present study, 
treatment with blood transfusions caused the electrophoretic pattern to 
appear more normal. Whether the approach to normal represented a real 
change for the better or simply a dilution effect is a question not easily 
answered. In an effort to determine the dilution effect of normal blood 
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upon the patient’s serum proteins, a mathematical relationship was set up, 
assuming withdrawal of 1 pint of blood for each pint added, and a total 
blood volume of 12 pints. From this relationship, theoretical values for 
relative albumin and y-globulin concentrations were calculated, for 3- 
and 19-pint transfusions, respectively. This equation naturally does not 
take into account synthesis, and turnover of proteins by metabolic proc- 
esses, and is of necessity very approximate. However, the results 
obtained with it are of general interest. The derivation of the equation 
follows: 

For one transfusion cycle (1 pint given, and 1 pint removed), assuming 
initial blood volume of 12 pints, and complete mixing before withdrawal. 
the serum-protein concentration is 


lis (12A+1N) | a) 


where A=patient’s abnormal protein concentration before transfusion 
started. 
N=concentration of that protein in normal donor serum. 
For two cycles, relationship (2) holds. 


al 3) 2A+1N)+(73 3) aN) | 


Similarly, for n cycles, (3) applies. 


l(a) ) a2a+1N)+(F) an)+(2) ~(LN)+ + -+(F) ay) | 
or 5. 13) (12.A)+(1N) p> 3) | (3) 


Using formula (3), the values shown in table 2 were obtained for 
albumin and y-globulin, respectively. It can be seen that in no case did 
relative albumin concentration rise to the theoretical value, based on simple 
dilution with whole blood. Table 2 also indicates that only during the 
continuous 19-pint transfusion did relative y-globulin concentration 
descend to the level calculated for simple dilution. Formula (3), based on 
a series of 1-pint exchanges, should predict too small a value for the de- 
crease in y-globulin during continuous exchange, however. 

This method of calculation cannot be applied to absolute or total-protein 
concentrations, since for these one must know accurately both donor blood- 
protein concentration and patient’s blood-protein concentration and blood 
volume. Losses or gains in patient total-protein concentration, resulting 
from changes in total-blood volume during transfusion make the above 
type of calculation risky for absolute concentrations. However, relative 
concentrations are independent of blood volume changes. 
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TaBLE 2.—Comparison of actual with theoretical increase in relative albumin and 
decrease in relative y-globulin concentrations with blood transfusion 


PERCENT ALBUMIN 





Before After Theoretical value 
transfu- transfu- 
sion, exper-| sion, exper- 

imental imental Formula (3) 





Mar. 11 1.5 3 , 3 pints of whole blood given. 

. 3 pints of whole blood given. 
ee 4 1 .6 | Continuous 19-pint whole-blood 
transfusion. 





PERCENT 7-GLOBULIN 





22. 1 ' 320.5 | 3 pints of whole blood given. 
321.1 | 3 pints of whole blood given. 

pT ee 30. 3 19. 419.7 | Continuous 19-pint whole-blood 
transfusion. 

















! Based on normal value of 57.4 percent (pooled donor serum for March). 
? Based on normal value of 61.1 percent (pooled donor serum for June 2 transfusion). 
3 Based on normal value of 14.3 percent (pooled donor serum for March). 
4 Based on norma! value of 16.7 percent (pooled donor serum for June 2 transfusion). 


With reference to the data in table 2, it would appear from text-figure 2 
that the approach to normal upon transfusion involves more than a simple 
dilution effect. There is an indication that some measure of real benefit 
was derived, especially in the early stages of treatment, at which time the 
patient’s relative serum-protein levels remained more normal for an appre- 
ciable length of time after transfusion than they had been before treatment. 
During the final phases of the study, abnormality rapidly returned when 
treatment ceased. One must therefore conclude, on the basis of electro- 
phoretic analyses of blood-serum proteins, that treatment with massive 
blood transfusions was, in this case, of distinct but limited and temporary 
value. 

Clinically, the patient appeared appreciably stronger and in better 
physical condition after each replacement transfusion. Despite this 
striking clinical improvement, there was no demonstrable change in the 
bone marrow. As far as blood counts were concerned, although there was 
some indication of improvement in red-blood count during the early trans- 
fusion procedures, po further changes for the better were noted. Indeed, 
the white-blood count rose during transfusion and the number of blast cells 
in the blood did not decrease. 


SUMMARY 


An electrophoretic study was made of the blood-serum proteins of a 
patient with acute myelogenous leukemia during treatment with massive 
blood-replacement transfusions. An approach to normal in the blood- 
protein composition as determined from electrophoretic patterns could be 
correlated with improvement in physical well being after a blood trans- 
fusion, but no change was observable in the bone marrow or blood-cell 
picture. 
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It was impossible to ascertain whether the approach to normal, seen 
electrophoretically after transfusion with normal blood, was caused by 
simple dilution or represented areal improvement. In the early stages of 
treatment there were indications that the improvement might be real, 
although of temporary value. In the final phases of treatment, it was 
found that abnormality rapidly returned when transfusions were discon- 
tinued. 
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ON THE PARTICIPATION OF TWO EN- 
ZYME SYSTEMS IN MELANIN PRODUC- 
TION IN VITRO BY MELANOTIC AND 
AMELANOTIC TUMORS OF MICE !?? 


M. L. Hessevsacu, National Cancer Institute,‘ Bethesda, 
Md. 


INTRODUCTION 


Melanotic mouse melanomas are useful tools in the study of cancer 
because certain of their cells are tagged with color, and can thus be 
accurately identified. The melanized cytoplasmic granules that occur 
in the tumor cells of the melanomas studied here are considered to be 
modified mitochondria (1, 2, 3). Cells in which all of the visible mito- 
chondria are either melanized or nonmelanized occur in these tumors. 
Other tumor cells containing a mixture of the two types of mitochondria 
are also found. Consequently, the presence or absence of pigment allows 
the identification not only of certain cells in these tumors but also of 
mitochondrial types within the cells. 

This paper presents data on the enzymes involved in dopa melanin 
production in vitro by melanotic melanomas, amelanotic melanomas, and 
nonmelanomatous tissues. Selective inhibition methods were used by 
which the two enzyme pathways (phenolase and cytochrome system) 
known to be involved in this process could be studied separately and 
their interrelation observed. These methods were applied to whole 
homogenates and to centrifugally separated cellular constitutents. The 
results allow an insight into the subject of absence of phenolase versus 
inhibition of this enzyme in unpigmented tissues. 


LITERATURE REVIEW 


A large group of papers pertinent to the biochemistry of melanization 
was recently reviewed by Lerner and Fitzpatrick (4). Several addi- 
tional, closely related articles should also be mentioned. Burk et al. (6) 
reported on the metabolism of mouse melanoma slices. Riley et al. (6, 7) 
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used Celite columns for the isolation of melanin granules from tumor 
homogenates. Woods et al. (1, 2, 3) described the centrifugal isolation of 
enzymatically active melanin granules from mouse melanomas, and showed 
that these granules resembled mitochondria in every characteristic tested. 


MATERIALS AND METHODS 
OricIn AND CyToLogy oF THE S891, S91A anp Harpinc-Passey Tumors 


The Cloudman S91 tumor originated spontaneously in a female JAX-dba 
mouse, at the base of the tail (8). Algire (9) has grown this melanoma in 
the strain of origin (pigmented mice) and in C mice (albino), and derived 
in the latter strain an amelanotic melanoma (S91A) by selective trans- 
plantation of less pigmented areas. Algire has now started a more amel- 
anotic strain of S91A from such a tumor grown in an animal kept at 37.5° 
C. for several weeks. This strain is designated as S91A in the present 
paper. 

The Harding-Passey melanoma (10) arose spontaneously about 1925, 
on the ear of a chocolate brown stock mouse, and has been maintained 
by serial transfer. There is no amelanotic derivative of this tumor avail- 
able at present, although one has been reported (10). 

The cytology of the living Harding-Passey, $91 and S91A tumor cells, 
with particular reference to the mitochondria visible in the light and phase 
microscopes, was recently described (1). The Harding-Passey tumor 
cells (melanoblasts) contained, around the nucleus, a relatively small 
number of nonmelanized mitochondria among a variable number of mela- 
nized ones. In the dendritic portions, all the visible mitochondria were 
melanized. The S91A tumors contained cells bearing either nonpig- 
mented mitochondria exclusively, or pigmented mitochondria exclusively. 
The former cell type predominated. The S91 tumors contained cells of 
both these types, and, also a third type, in which both pigmented and non- 
pigmented mitochondria occurred. Cells containing only pigmented mi- 
tochondria were most numerous in the dark colored portions of the S91 
tumor, but were also found to some extent scattered in the lighter colored 
areas. The other two types of cells were most frequently encountered 
in the lighter colored portions of the tumors. Two types of distribution 
of the brown mitochondria have been observed in the heterochondric 
cells. In some cells, the pigmented mitochondria were irregularly scat- 
tered among the nonpigmented ones. In other cells, all the pigmented 
mitochondria occurred in specific areas, giving the appearance of regional 
melanization. 

All the tumors used’ were carried in genetically pure strains of mice. 
They were continued in the same strains in which the original donors were 
received. Thus, the S91 melanoma was grown in dba mice; the S91A 
amelanotic melanoma in C mice; and the Harding-Passey melanoma also 
in C mice. 


5 Personal communication. 

* Unpublished data of Dr. M. W. Woods, National Microbiological Institute, National Institutes of Health. 

7 The parent tumors of all the melanoma lines and their derivatives used in this study were obtained from the 
laboratory of Dr. G. H. Algire, of the National Cancer Institute, whose cooperation is hereby acknowledged. 
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PREPARATION OF HOMOGENATES 


The tumors were removed from the mice, quickly stripped of surround- 
ing host tissue, weighed, and at once dropped into an ice-cooled mortar. 
Five volumes of ice-cooled 0.05 M potassium phosphate at pH 7.0 (the 
standard buffer used in these experiments) were added to the tissue during 
grinding to make “phosphate homogenates.” Five volumes of ice-cooled, 
70 percent ethyl alcohol were added to a second aliquot to make “alchohol 
homogenates.”’ They were allowed to stand thus for at least 15 minutes. 
Both types of preparation were then removed to the cold room (0-5° C.) 
and centrifuged for 10 minutes, at circa 19,000Xg. The alcohol was 
decanted and replaced by an equal volume of ice-cooled standard phos- 
phate solution. Both preparations were then resuspended and used. All 
material was kept in ice until actually added to Warburg vessels. 


PREPARATION OF MITOCHONDRIAL MATERIAL 


Tumor tissue was added to an ice-cooled sucrose-salt solution * until 
the desired volume of tissue was secured. All further manipulation took 
place in the cold room. The tissue was removed from the solution and 
ground in an ice-cooled mortar. Four volumes of fresh solution were 
added, and the suspension filtered through a pyrex glass-wool mat of 
about 1 cm. thickness in a Buchner funnel. The preparation was then 
cleared of the remaining cell debris and nuclei by three 1-minute centrif- 
ugations with acceleration up to circa 6,000Xg. A portion of cleared 
homogenate was removed at this time, and the rest of the preparation 
was separated into a mitochondrial pellet and supernatant liquid, by a 
l-hour centrifugation at circa 40,000Xg. The top of the supernatant 
was pipetted off for use in the experiment. The remainder of the super- 
natant was poured off, and the pellet drained. The pellet was resus- 
pended to the original volume with fresh solution and used. Examina- 
tion of the preparations under the phase contrast microscope showed the 
mitochondrial fraction to be free of nuclei, cells, and other nonmitochon- 
drial solids, while the supernatant was optically empty. 


MANOMETRIC MEASUREMENTS AND COLOR OBSERVATIONS 


The tissue fractions were added to the main compartment of the War- 
burg vessel, and the substrates were added to the side arm. Air was 
used as the gas phase in all experiments, and 2N KOH was always added 
to the center well. Measurements of oxygen consumption at 38° C. were 
made in the usual manner. 

At stated times during and at the end of many runs visual color observa- 
tions of the contents of the Warburg vessels were made. In the earliest 
experiments the colors, or shades of color, were noted. In the later runs, 
ratings were made on the basis of an arbitrary scale running from 0 to 9+, 
while preparations so black that degrees of difference were no longer dis- 
tinguishable were rated ~. The color readings were made in order to 
correlate the formation of melanin with the measured oxygen uptakes. 


aay 50006 O« 
* One liter of this solution contained: KH:P 0. 0.406-M, K:H PO, 0.006 M, KC1 0.0013 M, MgCl: 0.001 M, and 
sucrose 0.438 M. The pH was adjusted to 7.0 with saturated KsH POs.. 
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RESULTS 
S91 MELANOMA: PHENOLASE ACTIVITY 


S91 “phosphate homogenates” (prepared and run in phosphate buffer) 
were consistently found (e. g., table 1) to oxidize dopa at a high rate by 
means of the phenolase system. It was also observed (see later section), 
especially on the addition of cytochrome c, that these phosphate homoge- 
nates could also oxidize dopa by way of the cytochrome system, as sug- 
gested by Hermann and Boss (11). To make possible the separate study 
of the action of each of these enzyme systems on dopa, methods were 
found to inactivate each one without inhibiting the other. Phenolase 
activity could be completely inhibited for at least 2 hours by use of 
ANTU (a-naphthyl-thiourea) in accordance with the work of DuBois 
and Erway (12). The data (table 1) indicate that ANTU did not reduce 
the activity of the cytochrome system, since there was no decrease in the 
rate of PPDA (p-phenylenediamine) oxidation by this system in the 
presence of the inhibitor. Endogenous respiration of the homogenates 
was not significantly altered by ANTU. The activity of the cytochrome 
system could best be eliminated by grinding the tumor in70 percent alcohol, 
centrifuging it, and resuspending the pellet in phosphate buffer. Such 
homogenates were no longer able to oxidize PPDA in the presence of 
added cytochrome c. The rate of oxidation of dopa, however, was 
increased about 25-100 percent over that of phosphate homogenates of 
the same tissue (table 1). 


The completeness of inhibition obtained by alcohol treatment and 
addition of ANTU was checked quantitatively. When both inhibitory 
treatments were applied to S91 tissue, a very small residual oxidation 
remained, both in the presence and absence of added substrate. Some of 
the same S91 “aleohol-ANTU homogenate” was boiled in a water bath 
for 10 minutes and its endogenous oxidation rate measured. The rates 
of the boiled and unboiled samples were identical. Hence, the residual 
rate in the “alcohol-ANTU homogenate” was found to be an autoxida- 
tion, and the enzymatic inhibition was known to be complete. 


The S91 melanoma was also found to carry out an ANTU sensitive 
oxidation of tyrosine, although the results were not as reproducible as 
those with dopa as substrate. There was a variable lag period before 
“phosphate homogenates’”’ began to oxidize tyrosine, as shown in table 1 
and text-figure 1. As a result, a series of experiments of long duration, 
exemplified in text-figure 1, were run with this substrate. These data 
show a high rate of tyrosine oxidation by the “phosphate homogenate,”’ 
and, in this case, an even greater rate by the “alcohol homogenate.” The 
addition of ANTU stopped this oxidation in both preparations. It was 
thought possible that some of the tyrosine oxidation might proceed via 
amino acid oxidase rather than entirely by the phenolase. Therefore, 
the same “phosphate” and “alcohol homogenates” (text-fig. 1) were 
tested for their ability to oxidize the amino acid, phenylalanine. As the 
structure of these two compounds is so similar, it seemed likely that the 
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TEXtT-FIGURE 1.—Tyrosine and phenylalanine oxidation by S91 tumor homogenates. 
L-tyrosine, pt-phenylalanine and ANTU were each used at 0.01 M concentration. 
The numbers on the curves represent the color estimates at the times indicated. 
Each curve represents average values for two vessels, except the “alcohol” tyrosine 
curve starting at 344 hours, which is based on one vessel. Each vessel contained 
total homogenate equivalent to 133 mg. fresh weight of tissue. 


same amino acid oxidase might function in either case. Both homo- 
genates failed entirely to oxidize phenylalanine. These data indicate 
that the tyrosine oxidation obtained cannot be explained on the basis of 
amino acid oxidase activity. 


Harpinc-PassEY MELANOMA 


“Phosphate homogenates” of the Harding-Passey tumor were found to 
oxidize dopa via the phenolase system at a higher rate than the corres- 
ponding S91 preparations (cf. tables 1 and 2). There was no increase in 
rate of dopa oxidation by this tissue after alcohol treatment. Tyrosine 
was oxidized at a high rate by both “phosphate” and “alcohol” prepara- 
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tions, and there was less evidence of a lag period than in the case of S91 
tissue. The phenolase oxidation of both dopa and tyrosine was ANTU- 
sensitive, as in S91 tissue. The cytochrome system was again unaffected 
by ANTU, since the rate of PPDA oxidation was not decreased by the 
treatment. A noteworthy observation was the gradual increase in dopa 
oxidation in the presence of ANTU by the “phosphate,” but not by the 
“alcohol homogenate.” The significance of this finding is discussed in a 
subsequent section of this paper dealing with the cytochrome oxidation 
of dopa. The data of a representative experiment with Harding-Passey 
tissue are presented in table 2. 


S91A AMELANOTIC MELANOMA 


In contrast to the results obtained with the two melanomas, ‘“‘phosphate 
homogenates” of the S91A tumor, a grossly amelanotic derivative of the 
S91 strain, did not measurably oxidize dopa, tyrosine, phenol, catechol, 
or m-cresol (all at 0.01 M concentration) alone, or combined with either 
catechol or dopa (each at 0.001 M concentration). In summary, the 
unpigmented S91A was unable to oxidize, by means of phenolase, any of 
the phenols tested. 


Question WHETHER PHENOLASE Is ABSENT OR INHIBITED IN S91A Tumors 


A series of experiments was performed to determine whether S91A 
tissue was unable to oxidize phenols and to yield melanin because it lacked 
phenolase, or because it carried a natural inhibitor for this enzyme. The 
first method employed to reveal possible phenolase activity in these 
homogenates consisted of the use of alcohol, in the same manner that 
markedly enhanced dopa oxidation in the case of S91 tissue. Alcohol- 
treated S91A homogenates did not show any phenolase activity. 

Since it was thought that Celite, used according to the method of 
Riley et al. (7), might remove an inhibitor, S91A tissue was prepared in 
this manner to see if phenolase activity could then be demonstrated. The 
dopa oxidase activity of an aliquot of S91A homogenate prepared, in the 
usual manner, by differential centrifugation, was compared with that of 
an aliquot prepared by the short column technique. It should be borne 
in mind that, in the latter method, distilled water was used during frac- 
tionation, whereas the usual! sucrose-saline solution was used in the former. 
All fractions were assayed in distilled water. 

The two “starting extracts’ were the materials that had been cleared 
either by centrifugation or by column passage. These extracts were each 
divided into two aliquots and centrifuged for 30 minutes. The two 
supernatants from each type of preparation were pooled. One pellet 
from each was taken up at 1:10 in distilled water. The other two pellets 
were treated with 5 volumes of 70 percent alcohol for about 30 minutes. 
They were then centrifuged for 10 minutes, at circa 19,000Xg. The 
alcohol was decanted, and the pellet suspended at 1:10 in distilled water. 

Table 3 shows that neither cleared S91A homogenates, supernatants, 
nor granules, prepared by use of the Celite column or the centrifuge 
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TaBLe 3,—S91A tissue. Centrifuge preparations versus short column preparations ! 
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Centrifuged preparations+0.02M succinate+2X10-°M cytochrome c 
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60-140___-_- 








1 Numbers represent yl oxygen consumed during the time intervals indicated. Each experimental vessel 
contained its respective preparation equivalent to 100 mg. of fresh tissue. 
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oxidized dopa. In addition, alcohol treatment of both sets of fractions 
bad no effect. Obviously, the difference in preparation had not caused 
a difference in dopa oxidase activity. The same preparations displayed a 
high succinoxidase activity, thus indicating that they were in an enzymat- 
ically active condition. 

A 9%-hour experiment was run with “phosphate” and “alcohol homog- 
enates” of S91A tumor tissue and Webster mouse liver tissue with tyrosine 
(0.01 M t-tyrosine) as substrate, to determine whether phenolase activity 
could be demonstrated by prolonging the reaction time. It was necessary 
to use tyrosine rather than dopa as the substrate in order to avoid extreme 
autoxidation. The duration of the experiment could be expected to 
outlast any possible lag period involved in the utilization of tyrosine. In 
addition, dopa at 0.001 M concentration was added to certain vessels as a 
sparking agent. Neither the gas uptake, nor the colors in the vessels at 
the end of the experiment gave any indication that tyrosine had been 
oxidized. These data constitute an added proof that neither S91A tumors, 
nor normal, nonmelanomatous tissues have a masked phenolase. 

The phenolase activity of combinations of S91 and S91A tissues was 
studied, in order to determine whether S91A tissue contained an inhibitor 
of phenolase. The tissues used were washed in cold physiological saline 
and ground in 0.05 M phosphate at pH 7.0. These phosphate homoge- 
nates were filtered through pyrex glass-wool to remove the larger tissue 
debris, and centrifuged to remove all other cellular fragments. A stand- 
ard amount of S91 supernatant (0.3 ml.) was run separately and in the 
presence of various amounts of S91A supernatant, with dopa as substrate. 
The oxygen uptake of the vessels containing both tissues is expressed in 
percentage of the uptake by the standard amount of S91 supernatant. 
After 1 hour, the vessels containing S91 supernatant plus 0.6 ml. S91A 
supernatant, and those containing S91 supernatant plus 0.3 ml. S91A 
were removed from the bath. To one of each pair was added 0.3 ml. of 
the pellet removed centrifugally from the S91A supernatant, now re- 
suspended to its original volume in phosphate buffer. To the other 
member of each pair was added 0.3 ml. of the buffer alone. The results 
(table 4) show that neither treatment changed the rate of oxygen uptake, 
thus indicating that the use of the whole homogenate, or the pellet alone, 
would probably not have changed the over-all results. It was shown, 
in similar experiments, that neither phosphate supernatants from S91A 
tissues, ground with alcohol or saline (0.9 percent NaCl solution in place 
of the phosphate solution) and treated by the usual method, nor whole 
homogenates of that tissue, had any inhibitory effect on dopa oxidation 
by S91 supernatants. It is realized, of course, that the inhibitory factor 
might be activated by the structure on which the reaction takes place, or 
that it is completely insoluble in the media used and hence did not reach 
the S91 enzyme in sufficient quantity to be effective. Under the condi- 
tions employed, however, no evidence was obtained in S91A tissue of an 
inhibitor for S91 phenolase. 
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S91A “phosphate homogenates” did, however, inhibit the autoxidation 
of dopa. This inhibiting factor was destroyed by alcohol treatment of the 
tissue. Such inhibition of dopa autoxidation cannot account for the 
difference between S91 and S91A tissue, for it will be recalled that S91A 
homogenates were unable to oxidize dopa enzymatically, even after 
alcohol treatment. 


CoMPETITION BETWEEN THE PHENOLASE AND THE CYTOCHROME SYSTEM IN THE In- 
Vitro OXIDATION OF Dopa 


As previously indicated, the finding of Hermann and Boss (11), that 
dopa could be oxidized by the cytochrome system, was substantiated 
(table 1). The rate of dopa oxidation by S91 “phosphate homogenate”’ 
was, as expected, very markedly increased on the addition of cytochrome c. 
About two-thirds of the activity in the presence of added cytochrome c was 
ANTU-insensitive, indicating that it was not due to the phenolase. Dopa 
oxidation by S91 ‘“‘alecohol homogenates,” on the other hand, was 100 
percent ANTU-sensitive, and was not increased by the addition of cyto- 
chrome c. These data, taken in conjunction with the fact that alcohol 
treatment inactivates the cytochrome system, prove that “phosphate 
homogenates”’ of S91 tissue could oxidize dopa via the cytochrome system 
as well as via phenolase. 


The Harding-Passey melanoma tissue behaved somewhat differently from 
the S91 in regard to the cytochrome oxidation of dopa. As previously 
mentioned, alcohol treatment did not enhance dopa oxidation by Harding- 
Passey homogenates. It was also found that the addition of cytochrome ¢ 
to “phosphate homogenates” did not increase the dopa or tyrosine oxida- 
tion rate (table 2). These data indicate that, in Harding-Passey tissue, 
phenol oxidation generally proceeds at an optimum rate which cannot, 
as with S91 tissue, be increased by alcohol treatment or by the addition of 
cytochrome c. A very interesting result was obtained when cytochrome c 
was added to ANTU-treated “phosphate homogenates.” Table 2 shows 
that the oxygen uptake in such vessels gradually increased with time and 
always exceeded the oxygen uptake in “alcohol homogenates” in the 
presence of ANTU and cytochrome c. The simplest explanation of these 
data is afforded by assuming that when the phenolase was inhibited by 
ANTU, the cytochrome system became able to oxidize dopa. 

This relationship between cytochrome and phenolase oxidation of dopa 
was further investigated by an experiment employing two media for the 
preparation of Harding-Passey homogenates and isolated mitochondria 
(table 5). Two aliquots of the same tumor were used: one prepared and 
run in the usual phosphate buffer, and the other in the usual sucrose-salt 
solution. Whole homogenate and centrifugally isolated mitochondria 
were used. The “‘phosphate homogenate” showed a better rate of oxida- 
tion of dopa than the “sucrose-salt homogenate.” Neither showed an 
enhanced rate when cytochrome c was added. ANTU did not entirely 
inhibit dopa oxidation in either homogenate. The blocking in the “ phos- 
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phate homogenate” was, however, less complete than that in the sucrose- 
salt preparation. When cytochrome c was added to the homogenate-dopa- 
ANTU combination, the oxidation rate was increased in both preparations. 
The “phosphate homogenate” was again the more active of the two. 

Both “ phosphate’’ and “sucrose-salt mitochondria” in the above experi- 
ment showed high rates of dopa oxidation, which were not enhanced by the 
addition of cytochrome c. In contrast to the results with the corre- 
sponding homogenates, the “‘sucrose-salt mitochondria” were slightly more 
active. The ‘phosphate mitochondria” showed a small residual dopa 
oxidation in the presence of ANTU, but the others did not. In this 
experiment, the addition of cytochrome c to the mitochondria-dopa-A N TU 
combinations raised the oxidation rates more than it did those of the 
corresponding homogenates. The “‘phosphate preparation’ was again 
more active than the “sucrose salt preparation.”’ 

These data indicate that the degree of participation of each of the two 
enzyme systems in the in-vitro oxidation of dopa is variable and can be 
changed by varying the extraction medium. The degree to which Harding- 
Passey phenolase oxidation of dopa is inhibited by ANTU, and the increase 
caused in these rates where cytochrome c is added, appears to vary some- 
what from experiment to experiment (cf. table 5 and 7), regardless of the 
extraction medium used. These variations are, at present, unexplained. 

Since it had been found that the S91 and probably the Harding-Passey 
melanomas oxidized dopa by means of two enzyme systems, a series of 
similar experiments was performed, involving the following tissues: S91A 
amelanotic melanomas, a spontaneous breast tumor (C3HBA)® that arose 
in a C3H (brown) mouse and was carried by serial transfer in the same 
strain; a mouse hepatoma * that arose as a result of acetylaminofluorene 
treatment in a C (albino) mouse and was carried by transfer in this 
strain; and the homologous tissue of this hepatoma, namely the normal 
liver of a normal C mouse. “Phosphate homogenates” of all these tissues, 
as might be expected, oxidized dopa at a high rate in the presence of added 
cytochrome c, and produced large quantities of a black material that 
visually resembled, in every way, the dopa melanin produced in vitro by 
the phenolase oxidation of this material by the melanomas. Phosphate 
homogenates of S91A tissue and Webster mouse liver did not oxidize 
tyrosine via the cytochrome system. 

In conclusion, it can be stated that the homogenates of the amelanotic 
tumors and nonmelanomatous tissues did not show any evidence of 
phenolase activity. They were, however, able to oxidize dopa (but not 
tyrosine) via the cytochrome system. The absence of melanin in these 
tissues could most easily be ascribed to lack of substrate, as dopa has 
never been found in mammalian tissue. It is very likely, though, that 
concentration of enzymes, oxidation-reduction potential, or the like, may 
also be involved. 

* The C3HBA tumor, and the hepatoma and homologous normal] mouse were kindly supplied by Dr. M. K. 
Barrett and Dr. H. P. Morris, respectively, from the laboratories of the National Cancer Institute. 
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EnzyMe AcTIviTy oF MITOCHONDRIA 


The finding that much of the total phenolase activity of the melanoma 
cell is on the mitochondria was reported by duBuy et al. (2). The physio- 
logic and hereditary importance of mitochondria made it necessary to 
quantitize and further characterize the melanin-producing enzymes of 
these particulates. 

The dopa-oxidizing capacity of mitochondrial and supernatant prepa- 
rations of S91 melanomas prepared and run in the sucrose-saline solution 
was examined (see table 6). The phenolase (ANTU-sensitive) activity 
expressed as Qo,~) was divided between the particulates and the super- 
natant. The mitochondria were found to be more than twice as active 
as the supernatant. The oxygen uptake of the combined mitochondria 
and supernatant was the mean between the results with each fraction alone. 

The addition of cytochrome ¢ to the preparations led to an increased 
rate of dopa oxidation by the mitochondria and by the combined fractions, 
but not by the supernatant run alone. When ANTU was used to inhibit 
the phenolase system, dopa, in the presence of added cytochrome ec, could 
still be oxidized by the mitochondria, but not by the supernatant. 

The results of a similar experiment with Harding-Passey tissue are 
presented in table 7. In contrast to the previous experiment, this mate- 
rial was prepared and run in phosphate buffer and the results are reported 
as ul gas uptake per vessel. Dopa oxidation by unsupplemented tissue 
was again divided between the mitochondria and the supernatant, with 
the major part on the mitochondria. Complete inhibition of the phenolase 
activity of all preparations was obtained by use of ANTU; the addition 
of cytochrome c did not increase the rate of dopa oxidation by these 
preparations. 

The oxidation of dopa via the cytochrome system was approximately 
the same in all preparations containing mitochondria. The rate shown 
by the mitochondrial fractions decreased after 1 hour; no rate change 
occurred in the homogenate or mitochondria-supernatant combination. 
The supernatant did not oxidize dopa by means of the cytochrome system. 
Cytochrome activity in each preparation was assayed by the use of sodium 
succinate as substrate, in the presence of added cytochrome c. A rapid 
and equal rate of oxidation of this substrate was found in all preparations 
containing mitochondria, whereas the supernatant was inactive. 

These data are consistent with the finding of duBuy et al. (2) that 
melanized mitochondria have both phenolase and cytochrome activity, 
and that the former is more easily removed from the particulates during 
manipulation than the latter. Furthermore, the two systems were clearly 
differentiated from each other by means of ANTU inhibition. 
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DISCUSSION 


A series of factors that have a bearing on melanization in vivo and in 
vitro have been investigated by other authors. In-vivo melanization is 
affected by hormones (13, 14) and genetic makeup (13). Temperature 
influences melanin production both in vitro (15) and in vivo (16, 17, 18). 
Oxidation-reduction potentials of the phenolase system in vitro (15, 19) 
and the effects of change of the potential of the surrounding liquid on the 
phenolase system of intact amphibia (20) have been reported. 

It is apparent that few, if any, of the above-mentioned melanization- 
influencing factors could be responsible for the occurrence of pigmented 
and nonpigmented mitochondria in the same tumor and particularly in 
the same cell. Variations in the genetic influence of the donor animal, and 
in the physiological influences of the recipient animal are at a minimum 
for these tumor lines, as they were carried in highly inbred strains of mice. 
Both these types of controlling factors can be assumed to be identical or 
at least very similar for all the mitochondria of the same tumor. 

In-vivo temperature effects must, however, be considered when attempt- 
ing to explain color differences in these tumors. Temperature differences 
could exist because of different metabolic rates, or because of the varying 
proximity to the body of the host. 

Methods for measuring oxidation-reduction potentials are not yet very 
satisfactory, in many cases. Interpretation of results of the methods at 
hand is extremely difficult, if not impossible. Hence, there is as yet no 
proof that variations in melanization are not associated with differences 
in o/r potential. It is an open question, too, whether o/r potential differ- 
ences would be cause or effect as related to phenolase activity. 

It has been shown in the present paper that either of two enzymatic 
conditions are necessary for in-vitro melanin production: either the 
presence of phenolase and a mono- or dihydric phenol in substrate concen- 
tration, or the presence of the cytochrome system and dopa, a dihydric 
phenol. 

Tyrosine may be assumed to be present in all tissues studied, as it is a 
component of most proteins. It is not oxidized by the cytochrome system. 
On the other hand, there is no evidence for the presence in mammalian 
tissues of substrate concentrations of dopa or other dihydric phenols, 
which could be oxidized by the cytochrome system. The situation in vivo 
is complicated by possible effects of oxidation-reduction potential on the 
activity of the enzymes concerned with melanization. 

All pigmented tissues examined were found to contain both phenolase 
and the cytochrome system. Jn vitro, melanin was produced by the 
phenolase from dopa and tyrosine, while the cytochrome system utilized 
dopa only. The in-vivo melanin formation in these tissues could thus be 
due to the action of phenolase on tyrosine. If dopa were present, the 
cytochrome system could utilize it, leading to further melanin production, 
if the o/r potential were favorable. 

The unpigmented tissues studied were found to contain the cytochrome 
system, but not phenolase. Jn vitro, the cytochrome system produced 
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melanin from dopa only. The lack of pigment in these tissues in vivo 
could be due to absence of a dihydric phenol for a substrate. On the 
other hand, it could be due to a restraining influence of o/r potential on 
the process of melanization by the cytochrome system. This potential 
could become favorable, in vitro, by manipulation of the tissue and by 
aging of the extract. This would account for the in-vitro functioning 
of the cytochrome system in melanization. 

Either lack of substrate or differences in o/r potential would allow for 
the presence of both melanotic and amelanotic mitochondria in the same 
cell, as is seen in S91 and Harding-Passey mouse melanomas. Both 
theories are under further investigation. 


SUMMARY 


Two enzymic pathways were shown for the in-vitro production of 
melanin from dopa (dihydroxyphenylalanine) by the S91 and Harding- 
Passey mouse melanomas; namely, the phenolase and the cytochrome 
system. In the amelanotic S91A tumor and in nonmelanomatous tumors 
and normal tissues, only the cytochrome system oxidized dopa. The data 
indicate that the absence of phenolase activity in the amelanotic derivative 
of the S91 melanoma is due to absence rather than inactivation of this 
enzyme. A total of about 30 tumors was used in this investigation. 

The activities of the two melanizing enzymes could be clearly and com- 
pletely differentiated by selective inhibition of each. The cytochrome 
system was inactivated by exposing the tissue preparations to 70 percent 
alcohol for short periods of time. This treatment completely inactivated 
the cytochrome system, but increased or did not affect the phenolase 
activity. The phenolase was completely inhibited for several hours, at 
least, by 0.01M a-naphthylthiourea. This chemical did not measurably 
affect the activity of the cytochrome system. 

Data obtained by these methods confirmed earlier reports from this 
group that cytochrome and phenolase activity are found on centrifugally 
isolated mitochondria. 
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TUMOR DEVELOPMENT IN BACKCROSS 
MICE SEGREGATED WITH RESPECT TO 
THE HAIRLESS AND THE PINK-EYE 
GENES! 


W. E. Heston and Marcaret K. Derinaer, National 
Cancer Institute,? Bethesda, Md. 


One of the projects with which we have been particularly interested 
has been the analysis of the relationship between specific genes in the 
mouse and the development of tumors, especially pulmonary tumors. The 
lethal yellow (A”) gene has been shown to increase susceptibility to both 
spontaneous and induced pulmonary tumors (1, 2), and in other crosses 
flexed-tail (f/f) and shaker-2 (sh-2/sh-2) segregants have been shown 
to be less susceptible to induced pulmonary tumors than have the segre- 
gants bearing the normal dominant alleles (3). 

In a more recent experiment (4) a relationship between the hairless 
(hr) gene and susceptibility to induced pulmonary tumors was demon- 


strated. In this case the hairless segregants were less susceptible than 
were the haired. The pink-eye (p) gene that also segregated in the cross 
had no effect. An extension of this study to the spontaneous tumors is 
reported herein. In addition to pulmonary tumors, other types of tumors 
that did not appear in the short-term induced tumor studies were recorded. 


EXPERIMENTAL PROCEDURE 


As in the induced tumor experiment, the two parent strains were strain 
A, which is highly susceptible to pulmonary tumors, and the strain HR, 
with which the hairless and pink-eye genes were introduced. A spon- 
taneous pulmonary tumor incidence of 90 percent has been recorded for 
strain A mice 18 months of age (5), and following the intravenous injection 
of 0.5 mg. of 1, 2, 5, 6-dibenzanthracene all of a group of strain A mice 
examined at 6 weeks had tumors, and in a group examined at 16 weeks 
the average number of nodules in the lungs of each mouse was approximate- 
ly 75 (6). Recently (7) a spontaneous pulmonary tumor incidence of 4.5 
percent was recorded for mice of strain HR examined at an average age of 
18.9 months. Those with the tumors had an average age of 24 months. 
An incidence of 15.3 percent with an average number of 0.19 nodules were 
recorded in strain HR mice injected intravenously with 0.5 mg. of 20- 
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methylcholanthrene. Although for some time strain HR has not been 
outcrossed, strict brother X sister inbreeding has been applied only 
during the last 4 years. Thus, the strain cannot be considered as gene- 
tically homogeneous. The necessity of using haired females to mate with 
the hairless males has kept this gene from becoming homozygous in all 
animals. The strain A mice used were of the 77th and 78th brother x 
sister inbred generation. 

Strain A females were mated with hairless strain HR males that were 
homozygous for both the hairless and the pink-eye genes, and the haired, 
dark-eyed F, females were backcrossed to the hairless, pink-eyed males 
of the parent strain HR. In the resultant backcross generation one 
would expect a 50-50 ratio between hairless (hr/hr), and haired (Hr/hr), 
and between pink-eyed (p/p) and dark-eyed (P/p). 

The backcross mice were individually identified at weaning time and 
classified as to genotype with respect to hairless and pink-eye. The 
sexes were segregated, and the animals were set aside in plastic cages 
with 8 mice to each cage. They were given a constant supply of tap 
water and pelleted food. The formula of the food has been published 
by Morris (8). Sample groups of 46 females and 36 males were weighed 
weekly for 40 weeks, after which they were weighed at 4-week intervals. 

An autopsy was done on each animal after palpation of a tumor or 
when the animal became moribund or was found dead. Examination for 
nodules in the lungs was made with the aid of a dissecting microscope 


before fixation of the tissue. All tumors were fixed in Tellyesniczky’s 
fluid (70 percent ethyl alcohol, 20 parts; formalin, 2 parts; glacial acetic 
acid, 1 part), mounted in paraffin, sectioned, and stained with hema- 
toxylin and eosin. 


DISCUSSION OF RESULTS 


Twenty-nine F, females were bred to produce the backcross animals. 
All were dark-eyed and haired although heterozygous for each gene pair 
(P/p Hr/hr). These F, females lived to an average age of 17.6 months. 
Seven with an average age at autopsy of 20.9 months had lung tumors, 
22 had mammary tumors at an average age of 14.9 months, 2 had reticu- 
lum-cell sarcomas at an average age of 27.5 months, 1 had a sarcoma in 
the retroperitoneal region at 21 months, and 1 a subcutaneous sarcoma at 
29 months. The authors are indebted to Dr. Thelma Dunn, Pathologist, 
National Cancer Institute, for final diagnosis of these tumors and those 
occurting in the backcross animals. 

The tumors that occurred in the backcross mice are recorded in table 1. 
A total of 251 animals are included in the table and are listed as to sex and 
genotype with respect to p and hr. The number of hairless males is not 
as great as the expectancy, owing to the fact that some of these animals 
died or were killed by their cage mates, and, when found, were partially 
eaten making them unsuitable for examination. Since most of the 





TUMOR DEVELOPMENT IN BACKCROSS MICE 363 


pulmonary tumors occurring in these backcross mice were small, and 
apparently in no case was a pulmonary tumor the cause of death of the 
animal, it is considered that failure to examine these animals did not 
alter the significance of the results. 


TABLE 1.—Tumor development in backcross mice 
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The data indicate that the haired segregants were more susceptible 
to the development of lung tumors than were the hairless. Twenty-six 
of the 62 haired males had lung tumors while only 4 of the 39 hairless males 
had. This difference is highly significant statistically; X?=11.5, P 
<0.001. Twenty-three of the 78 haired females had lung tumors as 
compared with 10 of the 72 hairless females. This difference was not as 
great as that for the males, but was significant; X?=5.3, P is between 
0.02 and 0.03. When the sexes were combined the difference in lung tumor 
incidence of the haired and hairless segregants was highly significant; 
X?= 16.5, P <0.001. Thus, association between the hairless gene and 
resistance to spontaneous pulmonary tumors was indicated just as was 
shown earlier for the induced tumors. 

This parallelism between the induced and spontaneous pulmonary 
tumors falls in line with results of other genetic studies of this type of 
tumor. Earlier genetic analyses have shown that susceptibility to both 
the spontaneous and the induced tumors is controlled by multiple genetic 
factors with cumulative effect, the tumor appearing when the combined 
effect of the genetic and nongenetic factors surpasses a physiologic thres- 
hold. Furthermore, another specific gene, lethal yellow (A”), has been 
shown to increase susceptibility to spontaneous and induced tumors alike. 

As can be noted in text-figure 1, the haired segregants consistently 
weighed more than did the hairless. Thus, just as was found with the 
lethal yellow gene, the heavier segregants were more susceptible to devel- 
opment of pulmonary tumors. This suggests the possibility that the 
situation may not be one of true linkage, but that the decrease in suscepti- 
bility was due to the hairless gene itself. The increase in susceptibility 
associated with the A” gene is due to the gene itself which increases body 
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weight. A technique involving transplantation of lung tissue has recently 
been worked out (9), which it is hoped can be applied toward the localiza- 
tion of the action of these specific genes. 

No relationship was indicated in respect to the pink-eye (p) gene. As 
noted in table 1, 36 of the 129 dark-eyed segregants had pulmonary tumors 
as compared with 30 of the 122 pink-eyed segregants. This difference is 
not significant; X ?=0.36, P is between 0.7 and 0.5. These data are in 
line with those published for the induced tumors. 

The weights of the dark-eyed segregants as compared with those of the 
pink-eyed segregants are shown in text-figure 1. These weight curves like 
those of the induced tumor experiment fail to confirm the results published 
in 1936 by Castle et al. (10), indicating a reduction in body weight by the 
pink-eye gene. The weight curves for the males of the present experiment 
crossed a number of times, indicating no difference. The pink-eyed females 
were slightly heavier than were the dark-eyed females throughout their 
life span. 

These data indicating no linkage between pulmonary tumors and pink- 
eye are in line with recent data of Strong (11), who found that an apparent 
mutation from the normal allele to the recessive pink-eye in the Br subline 
of his NH strain had no effect upon the incidence of induced fibrosarcomas, 
lung adenomas, and gastric lesions, although linkage had been shown earlier 
between pink-eye and induced fibrosarcomas. 

In the backcross mice of this experiment there was no sex difference in 
susceptibility to pulmonary tumors. Pulmonary tumors were found in 30 
of the 101 males and in 33 of the 150 females. The difference is not 
significant statistically; X ?=1.9, P is between 0.1 and 0.2. This finding 
is in line with other data on pulmonary tumors. Bittner (1/2) published 
rather extensive data on spontaneous pulmonary tumors in strain A mice 
and the various hybrids from crosses between strain A and strain C57 
black, and in these data no sex difference was apparent. In our previous 
publications on the genetics of pulmonary tumors in mice (1-6), the sexes 
have been combined, but this was done each time only after the failure to 
find a sex difference in the original tabulation of the data. Deringer (7) 
found no sex difference in the strain HR. 


Approximately 15 percent of these backcross females developed car- 
cinoma of the mammary gland. There was not a significant difference, 
however, between the pink-eyed and dark-eyed segregants or between the 
haired and hairless segregants. It is somewhat surprising that there was 
not a difference between the latter segregants in view of the fact that the 
mammary glands of the hairless females do not usually function, as 
indicated by the failure of the hairless females to nurse their young. 

No difference between the dark-eyed and pink-eyed segregants or 
between haired and hairless was observed with respect to the occurrence 
of hepatomas. There was a sex difference, however, the incidence in the 
males being significantly greater than that in the females; X ?= 7.67, 
P<0.01. This difference is in accord with that reported in strain C3H by 
Andervont (13). 
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The occurrence of a relatively high incidence of spontaneous hemangio- 
mas in these strain HR backcross mice was particularly interesting 
(see table 1). Such an incidence could be expected, however, in view of 
the relatively high incidence of this type of neoplasm in strain HR just 
reported by Deringer (7). These hemangiomas were widely distrib- 
uted in the subcutaneous tissue, and also in various internal organs and 
mesenteries. The data did not indicate linkage of this tumor with the 
pink-eye gene, but a difference between the haired and hairless segregants 
was noted; X?=4.6, P is between 0.02 and 0.05. Again the haired animals 
were more susceptible than the hairless, which in itself suggests that, if the 
difference is real, it is owing to the effect of the hairless gene per se since the 
chromosome bearing the hairless gene came from the more susceptible 
strain whereas that bearing the normal allele came from the parent strain 
A that is resistant to this type oftumor. Such a situation can be compared 
with that in regard to the effect of the A” gene, which increased suscepti- 
bility to pulmonary tumors despite the fact that in the crosses reported it 
came from the parent strain resistant to pulmonary tumors. On the other 
hand an effect of the hairless gene itself is not indicated in Deringer’s data, 
for there was no difference between the haired and hairless animals of 
strain HR. Thus, this would suggest that, if the difference in the back- 
cross mice is real, it is owing to the introduction from the more resist- 
ant parent of a susceptibility gene on the same chromosome with the 
hairless locus. Comparable situations have been revealed in the analysis 
of the genetics of tumors in Drosophila (14). 

One of the characteristics of strain HR is the relatively high incidence 
of spontaneous papillomas of the skin, some of which later develop into 
carcinomas. Thus, one might expect skin tumors in these backcross 
mice. Four animals showed such tumors, two of which were papillomas 
and two carcinomas, and all of these were in hairless segregants. 

Other types of tumors occurring in the backcross mice are listed in 
table 1. These were too few in number, however, for one to expect any 
significant differences in respect to their distribution in the various geno- 
typic groups. 

SUMMARY 

Analysis of the incidence of various types of tumors in backcross mice 
segregated with respect to the hairless and the pink-eye genes and with 
respect to sex, together with a study of the growth curves of the segregant 
groups revealed the following information. 

There is a relationship between the development of spontaneous pul- 
monary tumors and the hairless gene comparable with that formerly 
demonstrated for induced pulmonary tumors. The hairless segregants 
were less susceptible than the haired. Throughout their life span, the 
hairless segregants weighed less than did the haired. 

No relationship between the development of spontaneous pulmonary 
tumors and the pink-eye gene was demonstrated. There was no differ- 
ence in the weights of the dark-eyed and pink-eyed male segregants al- 
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though the pink-eyed females were slightly heavier throughout their life 
span than were the dark-eyed females. 

There was not a significant sex difference in incidence of pulmonary 
tumors. 

There was no difference in incidence of hepatomas in the groups segre- 
gated with respect to the hairless and pink-eye genes. The males, how- 
ever, bad a higher incidence of hepatomas than did the females. 

A relatively high incidence of hemangiomas occurred in the backcross 
mice, the incidence in the haired segregants being higher than that in 
the hairless. 

Other types of tumors occurring in the backcross mice are listed. 
None of these showed any relationship to the hairless or the pink-eye 
genes or, with the exception of the mammary tumors, to sex. 
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FAILURE OF BILE AS ABETTING AGENT 
FOR 20-METHYLCHOLANTHRENE IN 
INDUCTION OF GASTRIC TUMORS 
IN MICE ?? 


Ciauve R. Hircucockg, M. D.,? 4 Department of Surgery, 
University of Minnesota Medical School, Minneapolis, 
Minn. 


INTRODUCTION 


This paper reports the results of a search for substances, or factors, 
that may serve to enhance the carcinogenic action of 20-methylchol- 
anthrene in the induction of adenocarcinomas of the prepyloric portion 
of the stomach of a mouse. The present experiments deal with tests 
of bile, in the form of desiccated oxgall, to ascertain any of its possible 
abetting properties in this respect. The relationship of polycyclic mole- 
cules, such as desoxycholic acid (a normal constituent of bile), to poly- 
cyclic hydrocarbons, such as methylcholanthrene, has intrigued cancer 
investigators for many years. That the most potent chemical carcinogen, 
methylcholanthrene, was first synthesized from desoxycholic acid is a 
fact that stirs the imagination deeply. Perhaps the human body in a 
manner yet unknown (by still obscure enzyme systems) builds a carcinogen 
from its own bile in certain pathologic conditions. 

The literature relating to experimental gastric cancer indicates that 
spontaneous adenocarcinoma in the stomach of mice is so rare as to be 
almost nonexistent (2, 9, 12, 15, 18, 22, 30, 31). To date, no adenocar- 
cinomas of the mouse stomach have been produced by feeding chemical 
carcinogens (2, 19, 22, 32, 33). Strong’s NHO strain mice and sublines 
develop a high percentage of spontaneous lesions in the prepyloric stom- 
ach, but the malignant character of such lesions has yet to be firmly 
established (2, 14, 22, 36). Another strain of mice, the I strain, under 
observation for many years, develops during old age certain adenocystic 
downgrowths in the prepyloric stomach. These lesions are benign, and 
so far have resisted conversion to adenocarcinomas by feeding of methy]l- 
cholanthrene or other hydrocarbons (2, 22, 31). 
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The question of a mucous barrier that may prevent penetration and 
action of carcinogens in the prepyloric glandular stomach has been dis- 
cussed considerably during recent years (2, 12, 13, 19). These experi- 
ments were designed to test biologically the ability of bile salts to inactivate 
the mucous barrier through reduction of surface tension of gastric mucoid 
secretion (13). 

MATERIALS AND METHODS 


The basic diet in these experiments was Purina fox chow meal with 
meat meal added. This provided a well-balanced nutritious diet as a 
vehicle for the test substances. The whole bile used in the diet of Groups 
B and C was U. S. P. No. 80 powdered extract of oxgall, purchased in 
one pound containers from the Parke-Davis Company. Methylchol- 
anthrene was obtained in 15-gram quantities from the Eastman Kodak 
Research Laboratories. 

Mice of 30 to 90 days of age were divided into 3 groups as follows: 
Group A comprised 54 mice (36 C3H strain; 16 A strain; and 2 Dilute 
Brown strain). Group B comprised 70 mice (39 C3H strain; and 31 A 
strain). Group C included 55 mice (32 C3H strain; and 23 A strain). 
All animals were housed uniformly in double-compartment wooden cages 
with 5 animals to a compartment. Sexes were separated. Water was 
supplied ad libitum through glass drinking tubes projecting through the 
top of the compartments. Water bottles were emptied and rinsed weekly 
during the course of the experiment. Measured quantities of feed were 
placed in Fischer feeders daily; 5 mice would receive 20 grams per day, 
or 4 grams per mouse per day, averaged over a period of time. A small 
quantity of each ration was lost by spillage to the bottom of the box. 

The parent families of the mice were obtained from 3 laboratories of 
the University of Minnesota; C3H and A strain mice from Dr. John 
Bittner and Dr. Joseph King, and the Dilute Brown strain from Dr. 
Arthur Kirschbaum. Breeding families were maintained to supply 
animals for tumor transfer. 

Group A mice were fed Purina fox chow meal with which 20-methyl- 
cholanthrene had been mixed in a MacLellan batch-mixer. Each gram 
of feed contained 0.25 mg. of methylcholanthrene, and each mouse would 
eat approximately 1.0 mg. daily in 4 grams of feed. To mix the ingredi- 
ents, a small quantity of the total amount of fox chow meal was ground 
with the accurately weighed total quantity of methylcholanthrene in a 
mortar. This homogeneous mixture was then thoroughly blended with 
the total quantity of feed in the batch-mixer. 

Group B mice were fed the same Purina diet containing whole bile 
salts plus methylcholanthrene. The concentration of bile salts at the 
start of the experiment was 1 gram of dried oxgall per 4 grams of feed. 
The bile salts were thoroughly mixed with the dry feed, before the car- 
cinogen was added, in a batch-mixer as above mentioned. Failure of the 
animals to eat the diet necessitated lowering the bile concentration to 
200 mg. per 4 grams of feed. Methylcholanthrene was added to this 
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food mixture in the same proportion as for Group A, 0.25 mg. of carcinogen 
per gram of mixed feed. 

Group C mice (control group) received the same amount of bile salts 
in their diet as did Group B animals, but the diet did not contain car- 
cinogen. Any changes in concentration of bile per unit of diet of Group 
B mice were made also in the diet of Group C mice. 

All animals were observed daily during routine feeding, and they were 
weighed once every 2 weeks. When weight loss per animal approached 
3-4 grams the experimental diets were discontinued and fox chow pellets 
fed until losses were regained; experimental diets were then resumed. 
Mice in Group A receiving the diet with only methylcholanthrene added 
to the fox chow meal maintained their weights well. There was a sur- 
prising absence of toxic symptoms in these mice. Only one short period 
of suspension from the experimental feed was necessary early in the 
experiment. Groups B and C mice, however, required 11 breaks in the 
feeding period of the experiment, and the total number of days on plain 
fox chow pellets was 139. The average number of days on each lay-off 
period was 12.5 for the 2 groups. 

After the first 100 days of the experiment, the abdomens of the mice 
were examined by palpation once each week. Animals with a suspicious 
mass in the epigastrium were marked and examined every 2 days there- 
after. When the examiner was reasonably certain of the presence of a 
tumor in the upper abdomen, the animal was killed by cervical dislocation 
and autopsied. The esophagus and jejunum were tied with silk and the 
stomach inflated with 10 percent formalin fixative. Specimens of lung, 
liver, intestine, kidney, lymph node, and spleen were also preserved. After 
several days of fixation, the stomachs were incised along the greater and 
lesser curvatures and photographed. For microscopic examination, rep- 
resentative sections were taken of all organs, and prepared by standard 
techniques. All sections were stained with hematoxylin and eosin and 
occasional specimens were prepared by the Mallory-Heidenhain staining 
procedure. Parallel strips were cut from the stomach walls and em- 
bedded in paraffin together for cutting. This gave wide sampling of all 
stomach tissue with a minimum number of paraffin blocks. 


RESULTS 


Malignant lesions appeared only in those animals ingesting methyl- 
cholanthrene. Table 1 demonstrates the relationship of neoplasms to the 
number of days on experimental diets. Also shown are the percentages 
of various lesions based on the number of mice ingesting experimental 
diets for over 200 days. There is a considerable variation in the average 
number of days on experimental regimens when all animals in each group 
are used as a reference. Group A mice were on the diet for an average 
of 317 days, Group B mice for an average of 215.5 days, and the mice in 
Group C for an average of 189 days. 
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The lower average number of days for Group B mice is due to early 
death of animals in the experiment. This is evident by noting only 42 
out of a total of 70 mice in Group B that ate the experimental diet for 
over 200 days. In Group A the number of mice eating the carcinogenic 
diet over 200 days was 51 out of a total of 54 animals. The spread in 
days on experimental diets for animals in Groups A and B that developed 
squamous-cell carcinomas or a sarcoma of the stomach, is 205 to 507 days 
for Group A mice, and 261 to 613 days for Group B mice. Group C 
mice not only manifested as many early deaths as Group B mice, but 
they were not on the experimental diet as long a period of time. There 
were 24 mice out of a total of 55 in Group C that ate the experimental 
diet for 200 days or longer. The longest total period of time on the diet 
in this group was 394 days. It was felt that this was a significantly long 
period for this control group since the squamous malignancies appeared 
as early as 205 days in the animals fed carcinogen, and the average number 
of days for the appearance of a squamous lesion was 343 days. 

When animals in Groups B and C were killed at autopsy it was common 
to find the entire stomach markedly stained with bile. This fact leads us 
to believe that bile salts reduced the surface tension of gastric mucus, 
and did penetrate the mucous barrier. However, no malignant lesions 
appeared in the prepyloric glandular stomach of any of these mice. 

No adenocarcinomas were found in the intestinal tract of animals fed 
methylcholanthrene. The intestinal tract, in its entirety, was carefully 
examined for malignant or benign papillary lesions since Stewart and 
Lorenz have reported a relatively high incidence of jejunal and ileal 
adenocarcinomas in mice ingesting methylcholanthrene suspended in 
mineral oil (20). Any suspicious areas were sectioned and studied histo- 
logically. 

The diagnosis of malignancy of lesions is based on the following criteria: 
Any lesion, whether of glandular cells, squamous cells, or fibroblastic in 
nature, must be invasive to the extent of reaching the serosa and growing 
there, before it can be considered malignant. The cells of the tumor must 
show some degree of anaplasia and hyperchromasia. Irregular arrange- 
ments of epithelial cells with loss of polarity is good additional evidence 
of a malignant process. Undifferentiation of epithelial cells favors malig- 
nancy, in the author’s opinion, but some of the squamous-cell carci- 
nomas that metastasized most readily manifested extensive cornification 
and marked pearl formation. Whenever secondary lesions were found 
(either implanted or metastasized) or when extension to adjacent organs 
occurred, the lesion was considered to be malignant. If two or more 
squamous cancers appeared in a stomach, we considered the animal only 
once in our statistical analysis. 

Of Group A mice, 25 developed squamous-cell carcinomas of the pro- 
ventriculus. One mouse had 2 distinct carcinomas and another (fig. 9) 
had a widely spread, multicentric carcinoma. This latter lesion extended 
beyond the stomach to the spleen, pancreas, liver, and mesenteries by 
pseudopodal projections of tumor cells (fig. 10). Considering the total 
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number of animals in Group A, there were 46.3 percent of the mice with 
squamous-cell carcinomas; and 49 percent squamous cancers in the mice 
that ate the diet for 200 days or longer. This period of 200 days was 
used as a basis for evaluation because the earliest tumor in the carcinogen 
groups developed after 205 days on experimental diets. It was deemed 
pertinent to exclude the mice that died prematurely, as far as this experi- 
mental procedure was concerned. 

In Group B there were six animals that developed squamous-cell car- 
cinomas in the proventriculus. A percentage of 8.5 for the over-all group, 
or 14.3 percent for the animals eating the experimental diet for 200 days 
or longer. One mouse had two distinct malignant cancers, and two others 
had massive lesions that extended throughout the major extent of the 
squamous forestomach. No squamous-cell carcinomas resulted in the 
mice in Group C with bile salts only added to the feed. 

Fibrosarcomas were found in four mice of Group A, and none were 
found in Groups B or C. These lesions were extensive; the stomachs 
markedly enlarged with thick walls and nodular excrescences on the serosal 
surfaces (fig. 15). Tumor extended into adjacent structures, forming 
large masses of homogeneous tissue in the mesenteries. Mitotic figures 
were numerous, and tumor cells invaded muscle and connective tissue in 
the submucosa. Figure 16 demonstrates the sarcoma cells growing in 
and around the glands of the prepyloric portion of the stomach. This 
extension all but replaced the glandular mucosa with sarcomatous tissue. 

Stewart and Lorenz (33), after 10 years of experience with carcinogen- 
feeding experiments in which 425 mice were given various emulsions con- 
taining carcinogenic hydrocarbons in drinking water, reported an over-all 
percentage of 16.6 percent squamous-cell carcinomas of the forestomach, 
but no fibrosarcomas. In other experiments these authors (31) found 
that fibrosarcomas were readily produced when the carcinogens were 
injected intramurally into the glandular stomach. They were unable to 
explain these results in view of the fact that similar hydrocarbons, when 
painted on the skin, produce a low percentage of fibrosarcomas as well as 
(squamous cell) epitheliomas. In our Group A, there were 7.2 percent 
sarcomas in the over-all number of animals. 


Benign papillomas appeared in all groups of mice in these experiments, 
11 in mice of Group A, 5 in mice of Group B, and 1 in Group C mice. 
The majority of these lesions were sharply elevated, finger-like projections 
of epithelium and muscularis mucosa. A fairly extensive inflammatory 
reaction was present in the submucosal connective tissue of the papillomas. 
There was no real difficulty in distinguishing benign papillomas from early 
or “nearocarcinomas” (33), since the diagnosis of the latter lesions de- 
pends on cellular changes and evidences of beginning invasion. Marked 
hyperkeratosis was present over the epithelium of the papillomas, and in 
some instances there was also an extensive hyperplasia of squamous cells. 

One unusual glandular Jesion was noted in a strain A mouse (#233) in 
Group B. This animal was 43 days of age at onset of the experiment and 
weighed 19.0 grams. It was 793 days of age when killed by cervical dislo- 





FAILURE OF BILE IN CARCINOGENESIS 375 


cation for autopsy. There had been 11 interruptions in the feeding 
regimen totaling 139 days. The best weight attained was 31.0 grams, and 
the weight at autopsy was 23 grams. The animal was cachectic with a 
dull, lusterless coat and loss of vigor. A definite mass could be palpated 
in the midabdomen. Cut sections of the stomach and duodenum revealed 
4 papillary lesions in the squamous forestomach and a polypoid tumor in 
the duodenum, taking its origin from the region of the pylorus (figs. 3 and 
4). The polyp was approximately 6 millimeters in diameter and almost 
completely occluded the lumen of the duodenum. The serosal surfaces of 
the stomach and duodenum in the region of this tumor appeared smooth 
and normal. There were nodules and indentations on the serosal surface 
of the squamous forestomach. Several tumor masses in the mesenteries 
(fig. 3) as well as a suspicious lesion in the cecum were removed at autopsy. 

Microscopic sections showed the duodenal polyp to be composed of ir- 
regularly branching glands (fig. 5) lined by numerous mucus-secretory 
cells (fig. 7). The tumor was well localized except for breaks in the pyloric 
musculature where cystic, glandular-lined cavities resulted (fig. 6) through 
downgrowths of the epithelium. This lesion had an orderly appearance 
and a minimum of connective tissue-supporting stroma. The cells had 
not lost their polarity in any section of the tumor. At no point was the 
muscle invaded; rather it had the appearance of being pushed aside. One 
spur of glandular tissue protruded through the muscularis propria of the 
duodenum just distal] to the pylorus, and only serosa covered the glandular 
cells. However, there was no disturbance in the pattern of the mucosa, 
and the cells resembled those of the duodenal lumen accurately. 

The secreting cells were tall, columnar cells with basilar-situated nuclei. 
Frequent goblet cells were noted, and the majority of the cells had a clear 
cytoplasm. The lesion was diagnosed a benign polypoid adenoma of the 
duodenum, originating at the level of the pylorus. Two of the fore- 
stomach lesions were squamous-cell carcinomas, and the serosa was in- 
volved in the tumor growth. Figure 8 shows the border of one malignant 
lesion with numerous ghost cells in the finger-like projections of cancer. 
This malignant forestomach cancer had very little cornification (fig. 8), 
but the second had massive accumulations of keratin interspersed in the 
muscle and subserosal tissue. 

Lung adenomas were found in 16 mice eating carcinogen diets. Only 2 
C3H mice had pulmonary adenomas, and 14 A strain mice had multi- 
centric tumors (table 2). This is not surprising since the A strain mice 
had a relatively high incidence of spontaneous adenomas of the lung. 

As noted in table 2, one dilute brown mouse developed a malignant 
lymphoblastoma, and one C3H mouse developed a squamous-cell carci- 
noma of the right ear. An A strain mouse developed a squamous-cell 
carcinoma of the anterior abdominal wall. No significant differences 
existed regarding sex. The A strain males in Group A had a high per- 
centage of squamous carcinomas of the forestomach, but the total number 
of animals was too small to make this figure significant. 
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None of our animals developed adenocarcinomas of the prepyloric 
stomach. It must be concluded on the basis of these results that, given 
the conditions existing in these experiments and the strains of mice used, 
whole desiccated oxgall does not have a potentiating effect on the effect of 
methylcholanthrene on the glandular stomach of the mouse. One 
difference existed between the mice receiving bile salts plus methylcholan- 
threne and those receiving methylcholanthrene alone: the bile salt diet 
necessitated breaks in the feeding regimen totaling 139 days. These 
Group B mice periodically were on a low intake, and this semistarvation 
could have been instrumental in the reduced number of squamous-cell 
malignancies. That starvation can lower the incidence of malignancies in 
animals was shown by Tannenbaum in 1944 (37). Still, from table 1 it is 
noted that in Group B there were 42 mice eating the experimental diet for 
at least 200 days. The average number of days on the experimental diets 
was surprisingly the same for Groups A and B, 343 days, when only the 
animals on diets for over 200 days were considered. 


DISCUSSION 


The concept that bile or bile salts might be an influencial factor in the 
genesis of gastric cancers is intriguing. From whatever consideration we 
view the action of known hydrocarbons upon the animal stomach, bile 
can be readily placed in a position of importance. Stewart and Lorenz 
have shown repeatedly over the past 10 years that the glandular stomach 


of the mouse completely resists carcinomatous transformation when 
various carcinogenic hydrocarbons are fed in drinking-water emulsions. 
Out of a group of 425 mice, ingesting methylcholanthrene or dibenzan- 
thracene, they obtained 71 squamous-cell carcinomas of the proventri- 
culus; no adenocarcinomas resulted. Stewart and Lorenz have shown, 
however, that when methylcholanthrene suspended in horse serum is 
injected into the wall of the prepyloric stomach submucosally, adeno- 
carcinomas result. They have produced lesions of unquestioned 
malignancy in this manner. We can assume, then, that the glandular 
elements of the mouse stomach are susceptible to the direct action of 
methylcholanthrene. 

In 1945, Ivy discussed the problem of function of the stomach as related 
to the development of cancer of the stomach and pointed out the possibility 
of a protective mechanism in the gastric mucus (13). Stimulation of the 
mucosa of gastric pouches in dogs, with one-tenth normal hydrochloric 
acid leads to excessive secretion of mucus. The glandular portion of the 
stomach of rats reacts in a similar manner to this stimulus. As a chemical 
irritant, methylcholanthrene could similarly stimulate mucous secretion 
and initiate a “‘washing-away” effect by virtue of its presence on the 
mucosa. This would constitute a physiologic barrier to the prolonged 
contact of the carcinogen with the epithelial cells. Ivy suggested the use 
of bile salts for the purpose of bathing the stomach mucosa with a 
naturally-occurring material that could lower the surface tension of mucoid 
secretions (13). 
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There were no tumors of the large bowel and none of the small intestine 
in any animals in the present experiments. Stewart and Lorenz noted 
adenocarcinomas of the small intestine in 26 percent of 287 mice during 
their feeding experiments (19). They point out that when their emulsion 
of olive oil and carcinogen reached the intestine, the olive oil was emulsified 
by bile and digested, and the carcinogen mainly retained within the gastro- 
intestinal tract. If the carcinogen was suspended in mineral oil, the 
incidence of intestinal carcinomas was decreased, for the mineral oil 
resisted digestion and carried the carcinogen through. 

In our experiments, we attempted to reduce extraneous materials to a 
minimum, and subject the gastric mucosa of the mice to constant combined 
effect of bile salts and methylcholanthrene. It is impossible to state at 
this time why our mice failed to develop cancers in the small intestine. 
Such lesions were expected and watched for during autopsies. The fact 
that polycylic hydrocarbons are changed in the intestinal tract of the mouse 
into substances with a different spectrographic configuration may provide 
a clue (18). Perhaps the carcinogen is inactivated more rapidly when not 
bound into stable emulsions, and the process starts in the stomach and is 
all but completed by the time the food reaches the intestine. 

It is also interesting to note the chemical relationship between methyl- 
cholanthrene and bile salts. During the early years of work, in England 
and Boston (8) on extraction of carcinogenic fractions from coal tar, it was 
shown that characteristic fluorescent spectra existed for the coal-tar 
fractions that were identical to some known polycyclic hydrocarbons. 
Beginning with a noncarcinogen, 1,2-benzanthracene, many new hydro- 
carbons that had carcinogenic properties were produced. With the 
knowledge that alkyl substitutions were necessary on the basic polycyclic 
molecule for carcinogenic potency, it was decided to rearrange alkyl groups 
on basic hydrocarbons. Desoxycholic acid, a normal constitutent of bile, 
was used by two investigators, working independently, to produce the 
most potent carcinogen known, 20-methylcholanthrene (8). The des- 
oxycholic acid was put through four chemical steps involving oxidation, 
hydrogenation, cyclization, and dehydrogenation to produce the new end- 
product. It has never been established whether such processes, more 
gentle in action, can arise within the animal body in a similar manner, 
using bile acids or some other closely related polycyclic molecules. 

Marked bile-staining of the prepyloric mucosa of autopsied animals in 
Groups B and C was suggestive proof that the whole oxgall was adequately 
distributed in the stomach. The mucosa of the forestomach was not as 
noticeably stained. We can conclude that the feeding of whole desiccated 
oxgall to mice was an effective method of exposing the glandular stomach 
to the action of bile salts. 

According to Ivy, 50 percent of all fasting human beings have bile 
present in their stomachs (13). Studies made on patients with cholecysto- 
gastrostomies, over long periods of time, fail to show an increased incidence 
of gastric carcinoma. We might consider that bile in the intestines of the 
mice in Stewart’s and Lorenz’s experiments was responsible partially for 
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the conversion of methylcholanthrene into a relatively inocuous material. 
If such were the case, we would have an explanation for the reduced num- 
ber of squamous-cell carcinomas in our Group B mice. The bile salts and 
carcinogen were in constant contact in the feed, and perhaps when the 
acid gastric secretion was added in the stomach the carcinogen was more 
quickly inactivated. Perhaps it would be advantageous to combine 
methylcholanthrene and bile salts, as used in these experiments, in the 
laboratory along with one-tenth normal hydrochloric acid (or possibly 
aspirated gastric juice), to see if such contact inactivated the methyl- 
cholanthrene. Such an experiment might throw light on this problem. 

Another experiment worth performing would be the collection of bile 
from patients operated upon for gastric carcinoma, and then tube-feeding 
this bile to mice in an experiment similar to the present one. This pro- 
cedure would provide a biologic test of the possible presence of a carcino- 
gen in the bile of gastric cancer patients. Cholecystostomy could be per- 
formed, or T-tubes could easily be inserted into the common ducts of the 
patients and the bile collected for a short time postoperatively. Patients 
whose common ducts were explored for stones could be used as a source of 
control bile. Recently, a colleague in this department collected bile in 
this manner and boiled it down to a crystalline residue. This was injected 
subcutaneously in mice. One squamous-cell carcinoma in subcutaneous 
tissue resulted. The high heat required to crystallize the bile, however, 
might have changed it chemically. The gastric feeding method would be 


an interesting biologic test of whether or not the bile in gastric cancer 
patients contains carcinogens. 


SUMMARY 


One group of C3H, A, and DB strains of mice was fed diets of Purina 
fox chow with 20-methylcholanthrene and whole oxgall (bile salts) added. 
A second group was fed a diet containing the oxgall without carcinogen. 
A third group received only the 20-methycholanthrene in the diet. 

Squamous-cell carcinomas of the proventriculus of the stomach de- 
veloped in mice fed methylcholanthrene plus bile and in mice fed methyl- 
cholanthrene without bile. No tumors were found in mice fed bile without 
methylcholanthrene. No more tumors developed after feeding bile salts 
with methylcholanthrene than would have been expected by feeding 
methylcholanthrene alone. No adenocarcinomas of the stomach were 
found in any of the mice. 

Malignant fibrosarcomas of the stomach occurred in four mice fed 
methylcholanthrene in fox chow. This is contrary to results of somewhat 
similar experiments of Stewart and Lorenz (33). 

A benign adenoma of the duodenum was found in one A strain mouse, 
fed bile salts and methylcholanthrene, accompaning multiple squamous- 
cell carcinomas of the proventriculus of the same stomach. 

No adenocarcinomas of the intestine or squamous-cell carcinomas of the 
face, lips, pharynx, or mandible were found in any of the mice. One 





380 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


mouse had a squamous-cell epithelioma of the right ear, and another had 
a similar lesion on the anterior abdominal wall. 

Bile salts do not abet the action of methylcholanthrene upon the glandu- 
lar mucosa of the stomach of the mouse under the conditions of these ex- 
periments. It is suggested that further work using bile collected from 
gastric cancer patients might reveal a possible relation of bile to produc- 
tion of tumors in man. 
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Figure 1.—Squamous-cell carcinoma in a C3H mouse with extensive invasion in wall 
of proventriculus through muscularis propria, and growth beyond the serosa. Days 
on fox chow meal with methylcholanthrene, 290. X 30. 


Figure 2.—An F; subcutaneous transplant of another squamous-cell carcinoma. 


Histologic features of primary tumor. X 65. 
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PLaTE 28 


Fiaure 3.—Stomach and duodenum of A strain mouse on feed containing both bile 


salts and methylcholanthrene for 613 days. Large polypoid tumor in the duodenum 


causing intestinal obstruction. Proventriculus has two squamous-cell carcinomas 
and two benign squamous papillomas. Circa i. 


Fiaure 4.—Closer view of duodenal polypoid mass in figure 3. Circa 
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PLATE 29 


Figure 5.—Low-power photomicrograph of duodenal tumor in figure 4. Note 
cut serosal surfaces of duodenum and prepyloric stomach. Pylorus to right. 


Ficure 6.—Pylorie region of figure 4 showing extension of adenocystic downgrowth 


into the muscle of the gut in region of pylorus. Note regular, orderly appearance of 
glands; maintenance of normal relationship of cells. Benign process. 30 
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Ficure 7.—Higher-power photomicrograph of lesion in figure 5 to show order! 
rangement of glandular epithelium. Largely mucoid cells and some goblet 
Basilar arrangement of nuclei of secretory cells. Benign adenomatous polyp. 


Figure 8.— Border of squamous-cell carcinoma in figure 3. Lesion at apex of pro 


triculus. x 55. 
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PLATE 31 


Figure 9.—C3H mouse (294) in Group A with carcinoma throughout entire wal 
proventriculus. Active extension of tumor to pancreas, spleen, and mesenter 
Marked hyperkeratosis and papilloma formation. 10 


FicureE 10.—Pseudopodal fingers of squamous-cell cancer in figure 9, extending thro 


a cellular connective-tissue matrix toward spleen <~ 160 
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PLATE 32 


FicgurE 11.—Squamous-cell invasion of glandular mucosa and tumor metastasis in wall 
of glandular stomach removed from invading tumor < 65. 


Figure 12.—Metastasis of squamous-cell carcinoma in A strain mouse (266) of 


Group A. Tumor growing in mesentery surrounded by lymphoid reaction. Not a 
typical lymph node. <x 175. 
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PLATE 33 

Figure 13.—Stomach of A strain mouse (274 
for 313 days. Cirea * 3. 

FiGuRE 14. 





on bile salts and methyleholanthr 


One area of squamous-cell cancer in figure 13, to demonstrate histolk 
picture of ‘‘nearocarcinoma.”’ This section alone could not have been diagnosed as 


malignant. Other sections demonstrated malignaney 


Note intense reaction 


about 
well-cireumscribed downgrowths. x 35. 
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PLATE 34 
Figure 15.—Stomach of A strain mouse (26) on methylcholanthrene for 394 days 
extensive fibrosarcoma throughout stomach wall. Stomach was firm, leathery 

immobile. Circa X 3. 
FicureE 16. 


with 


and 
Fibrosarcoma in figure 15, showing tumor flowing around 
glandular mucosa. 


Submucosal tissue replaced by fibrosarcoma cells. 


crypts of 
x 100. 
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VASCULAR REACTIONS OF NORMAL AND 
MALIGNANT TISSUES IN VIVO. IV. THE 
EFFECT OF PERIPHERAL HYPOTENSION 
ON TRANSPLANTED TUMORS! 


GLENN H. Avorre and Frances Y. Lecauuais, National 
Cancer Institute,? Bethesda, Md. 


In earlier studies on the mechanism of action of a bacterial polysac- 
charide on sarcomas (1), evidence was presented that the hemorrhage 
within the tumor and its partial destruction resulted from the slowing of 
blood flow and the development of stasis in vessels of both the tumor and 
the surrounding tissues of the host. The present experiments were stim- 
ulated by these observations and the fact that rates of flow in the arterial 
and capillary systems are known to be directly correlated with blood 
pressure (2). Since rates of flow could not readily be measured, experi- 
ments were undertaken to determine the effect of reduction in peripheral 
blood pressure on tumor blood supply. It became practicable to perform 
these experiments through the development of an indirect method for 
measurement of blood pressure in vessels of normal tissues adjacent to 
tumors growing in transparent chambers in mice (3). Simultaneous 
microscopic observations could then be madé on the reaction of the tumor 
capillaries and of the host blood supply to experimental alterations in the 
peripheral blood pressure. 

METHODS 


The transparent-chamber technique (4) was used in making in vivo 
microscopic observations of changes in the blood supply of subcutaneous 
transplants of sarcomas and mammary adenocarcinomas during experi- 
mental hypotension. In this procedure tumor growth takes place in an 
unconfined space, so that vascular responses may be observed under 
physiologic conditions. The tumors used were strain L sarcoma, Sarcoma 
37, and C3HBA mammary adenocarcinoma.’ A determination of arterial 
systolic pressure was obtained in unanesthetized mice by an. indirect 
method (3) in which vessels adjacent to tumors growing within the cham- 
ber area were observed microscopically. In this procedure the vessel is 
occluded by means of air pressure transmitted through a flexible trans- 


! Received for publication May 25, 1951. 

? National Institutes of Health, Public Health Service, Federal Security Agency. 

* Strains L and D sarcoma were obtained from Dr. W. R. Earle, Sarcoma 37 from Dr. M. J. Shear, and the 
C3HBA mammary adenocarcinoma from Dr. M. K. Barrett, all of the National Cancer Institute. 
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lucent membrane. In addition, observations were made on blood flow 
in tumors and surrounding normal tissues within the chamber area. 
These were supplemented by cinematographic records, and by measure- 
ments of the percentage of tissue occupied by functional blood vessels‘ 
using methods previously described (4, 6). 

Hypotension was induced by histamine, given in single or multiple 
doses to 18 mice, as given in detail in table 2. Data are included also on 
the effects of other conditions slowing peripheral blood flow, such as local 
mechanical obstruction to arterial flow, shock following release of tourni- 
quets, intraperitoneal injection of hypertonic glucose, and anaphylaxis. 

Criteria of tumor damage in vivo (7) were supplemented by histologic 
study of tissues fixed in Zenker-formol, sectioned, and stained with 
hematoxylin and eosin. 

RESULTS 
VascuLarR CHances AccoMPANYING Deatu By CEervicaL DISLOCATION 


Tumor tissues in mice show gross pallor when exposed immediately 
after death resulting from dislocation of the cervical vertebrae. This 
appearance is apparently related to the fall in blood pressure at death, 
resulting from occlusion of most of the blood vessels within the tumor, and 
stasis of flow in the remainder. This fact is illustrated in figure 1, which 
shows the rich, sinusoidal pattern of capillaries in a mammary adeno- 
carcinoma of a living mouse, and figure 2, taken immediately after death 
by dislocation of the cervical vertebrae, showing in the same animal the 
almost complete disappearance of blood from the vessels. Quantitative 
data bearing on this point are summarized in table 1. This table shows 
that the blood content of tumors is greatly reduced as a result of the 


TABLE 1.—Changes in tumor vascular percentage immediately following death by cervical 
dislocation 





| 





| Tumor vascular | Subcutaneous tissue 
Experi- | | percent | vascular percent 
ment | Type of tumor peneomoneceeeme 
No. | | Before | After Before After 
| death | death death death 











18 | 26 10 
| 24 | 
20 | 
i IN oan i ceta eck emcees al 10 |- 


Sarcoma 37__ 








D-Sarcoma 30 











L-Sarcoma - - - _---- 


| 53 | 








Mammary adenocarcinoma. --------_| 54 | 8 | 





| . 
6 | Mammary adenocarcinoma. --- =| 54 | 


12 26 | 15 





‘ Vascular percentage. This index is a relative value applicable as an approximation to successive changes in 
vascularity of tissue. In this method a microscope fitted with an eyepiece arranged to show a fixed pattern of 
4 points in the focal plane is used. For any one count this pattern is presented to the field in view 100 times, 
and the percentage of visual contacts made with functioning vessels is recorded. A point is considered as a con- 
tact when the vessel is sufficiently in focus so that movement of blood within it can be detected. 
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circulatory collapse at death. It should be noted that the reduction in 
vascular percentage is greater for capillaries of tumors than for arteries, 
arterioles, and venules of the subcutaneous tissue. 


VascuULAR CHANGES ACCOMPANYING HISTAMINE HYPOTENSION 


Subcutaneous or intraperitoneal injections of histamine resulted in the 
rapid development of peripheral hypotension, accompanied by arterial 
dilatation, sluggish flow in arteries, veins, and capillaries, and cessation of 
arteriolar vasomotion. Capillaries became occluded or showed stasis of 
blood flow in both striated muscle and tumor tissues. The results of 
experiments on 18 mice, summarized in table 2, show that circulatory 
effects in tumors, similar to those accompanying death, may be brought 
about by the injection of histamine at doses far below the lethal; that 
the decrease in vascular percentage is directly correlated with the drop 
in peripheral blood pressure; that the vascular percentage returns to 
previous levels only as the peripheral blood pressure returns toward 
normal levels; and that tumor damage may result if hypotension is 
maintained for several hours or more. 

Experiment 10 of table 2 is illustrated in figures 3 and 4. Figure 3 
shows the capillary network of a sarcoma prior to injection of histamine, 
with a vascular percentage of 46. The relatively ischemic condition 
following histamine is shown in figure 4, taken when the vascular per- 
centage had been reduced to 20. It is important to note that decreased 
vascular percentages indicate a minimal approximation to the relative 
ischemia of the tissues, since vessels are counted as functional, even if the 
blood flow is so sluggish that it is barely detectable. 

Figures 5 through 8 illustrate through the use of selected frames from a 
motion picture the effect of a low dose of histamine (1,080 micrograms) 
on circulation in a sarcoma. The tumor is shown (fig. 5) prior to injec- 
tion: figure 6 at the time of beginning collapse of the vascular bed, a few 
minutes after injection; figure 7 at the time of maximum ischemia; figure 
8 as circulation returned after 10 minutes. The effects of a low dose of 
histamine on blood pressure and tumor vascular percentage are shown 
graphically in text-figure 1. 

Prolonged hypotension was accomplished through subcutaneous injec- 
tion (table 2, experiments 15 and 16) of a suspension of histamine in 
mineral oil and 80 percent alcohol. The long duration of hypotension was 
accompanied by cessation of circulation in the sarcoma and was followed 
by hemorrhage and necrosis. The blood pressure and vascular percentage 
changes in these two experiments are shown graphically in text-figure 2. 

Detailed stages in the results of experiment 16 are illustrated in figures 9 
through 14. Figure 9 shows the tumor vascular bed prior to histamine; 
figure 10, %-hour later, showing tumor ischemia; figure 11, hemorrhage 
after 3 hours of hypotension; figure 12, hemorrhage 6 hours after injection; 
figure 13, opacity indicating necrosis 1 day later; figure 14, necrosis after 
48 hours. 
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| 2 mg. Histamine phosphate 
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TEXT-FIGURE 1.—Effect of a low dose of histamine (770 micrograms of histamine base 
on peripheral blood pressure and tumor vascular percentage (table 2, experiment 18). 
Blood pressure is indicated by the upper graphs; vascular percentages by the lower. 


°o 





BLOOD PRESSURE IN MM. OF MERCURY 


°o 


The appearance of the tumor in experiment 15, following histamine 
injection is shown in figures 15, 18, and 19. Figure 15 shows the appearance 
in vivo of the tumor blood supply 1 day after injection of histamine. 
Figures 18 and 19 show, in histologic section, the corresponding areas of 
necrosis. 


Errect on Tumor CircuLaTIon or ConritTions SLOWING PERIPHERAL BLoop FiLow 


The conclusions drawn from the effects on the tumors of peripheral 
hypotension induced by histamine are supported by the results of slowing 
of local blood flow by other means. In table 3 is a summary of data on 
the effect of various conditions leading to slowing of the peripheral blood 
flow on tumor circulation. From the known direct correlation between 
rates of flow and blood pressure (2) it is inferred that blood pressure was 
lowered, but no measurements were made except in experiment 6. In all 
the experiments, including tourniquet shock, intraperitoneal injection of 
hypotonic glucose, and mechanical obstruction, there resulted sluggish 
blood flow in capillaries of the tumor, decrease in percentage of functional 
vessels, and in most cases hemorrhage or necrosis, or both. 
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TEXT-FIGURE 2.—Effect of high doses of histamine (10,800 micrograms of histamine 
base) on peripheral blood pressure and tumor vascular percentage (table 2, experi- 
ments 15 and 16). Blood pressure is indicated by the upper graphs; vascular per- 
centages by the lower. 








BLOOD PRESSURE 


Similar results were obtained in an anaphylactic reaction, in which a 
shocking dose of 0.15 cc. of horse serum was given intravenously, 23 days 
after 2 sensitizing doses of 0.03 cc. of horse serum given intraperitoneally 
at intervals of 2 days. The results from motion-picture records of the 
response are presented in figures 16 and 17: figure 16 shows tumor vascular 
bed prior to injection; figure 17, tumor ischemia 5 minutes later. 


DISCUSSION 


These experiments demonstrate that the tumor blood supply was de- 
creased by lowering the blood pressure in the arteries supplying the 
tumor. The reduction of tumor circulation was directly correlated with 
the duration and degree of the peripheral hypotension. The development 
of tumor ischemia was not dependent upon the use of toxic or lethal doses 
of histamine, but was obtained with doses that had an effect of only a few 
minutes’ duration. Tumor necrosis, however, resulted only after large 
but not lethal doses, which resulted in prolonged hypotension with several 
hours or more of ischemia. 





“STVAsoj UY E )U] 407s8 Posveles Q19M Sponbyusno} ‘(g¥) [BQIUesOY JO POyJoul ayy £q sto] puyy qI0q OF payjdds esom sjenbrumo,y, + 


“10UIN} JO sIsoOlvoUu [B13 


-u90d pus ssByIIOMIZY yYUBI[NSeY |-OE eNsseid poolg | sunoy RI 
‘anssad | ‘A1OWIV JO uOTINIYS 


poojq jo BuneMol, 4YysIUIIAG 19 anssaid poolg oe sunoy Q | . -qO [BoluBYyoOUT [BIVIBG 


‘oFBVYLIOUIVY [BIYIN} 9g ne =— ysod ‘saynutul GZZ 
“1OWIN} Ul UOIBB[NIIIO ysissni[yg | ; ul CZZ judv1ed QZ 
ysod ‘soynutul cz ~--queoled QZ 
ae ~~~queoled QZ 
10Ud pias, | asoon[ry 


‘MOY JO 9781 [BUIIOU JO AIDAOIIY ~-""ABP FXON 
‘oseyOMIOH | ‘ sod ‘saynurm og¢E 
---qsod ‘soynurur OFZ 
*quaoied IB] 

-NOSBA PosBalIEp {SISB}S UI IOUIN, ' ~--===-asod ‘soynuru ORT 
. “gsod ‘soynutul OFT ~-gueosed gg “99 [ “d‘t 

ysod ‘saynutur OZ] 
*MOPULM UT UOTBTND 


-119 SNOUGA PUB [BLIBIB YSsIssn[g ~-queoled 9g “99 [ “d ‘1 


~---queoied 9g “90 [ ‘d ‘1 
‘Nignialeabaataais athe i wai. esoon[y 





‘ABP Jxou pve ysod ‘soynutul OFZ 
sunng§ 
“YSISZSNI[Ss UOB[NAID “10g 

‘sAep Z Ul SISOIN0U [B1IQUdD 
*sInoy J UI SISBIS puB OFBYIIOUIOPY{ qsod ‘saynurur 9Z[ 
‘sunoy % Ul UOTB[NIIID YysIssnig ie te ee sinoy Z yooys yonbruinoy, 


yooys jonbruinoy, 








ep qxON 


4 





qsod ‘saynurur OFZ 
ysod ‘soynutur OZT 


= 
& 
P 
& 
— 
Ee 
nN 
Zz 
— 
& 
a 
o 
A 
< 
oO 
a 
< 
Z 
2) 
_ 
& 
< 
Z 
— 
= 
& 
~ 
° 
= 
< 
Zz 
<= 
Pp 
fo) 
a] 


ae es eS Cs eee ses: eens sinoy %Z |~~~~; yooys yonbrurnoy, 











SAIVUIIY queosed ‘inpnose A oulLL sod quesy 


mop poo7q posaydisad Burmojs euorptpuos fo spworsns~T ut uorznjnI419 uo paffq~—"g ZIAV, 




















HYPOTENSION AND TUMOR CIRCULATION 407 


These experimental results are in accord with those of Barrett (9), who 
found that anaphylaxis or injection of histamine in doses of 10 to 20 mg. 
was followed by signs of shock, and by hemorrhage and necrosis of intra- 
cutaneous transplants of Sarcoma 37 into mice of strains A, C3H, and C. 

The results extend to tumor circulation certain general principles of 
circulatory physiology in normal tissues. It has been shown by several 
investigators [see discussion by Green (10)] that capillary blood flow is 
absent until a certain critical difference of pressure is reached. Landis 
(11) has explained this as being due to the pressure required to overcome 
the elastic resistance of the capillaries to the passage of red blood cells. 

In a theoretical consideration of the relation between blood flow and 
pressure gradient causing it, Burton (12) has predicted that if the tension 
in the wall exceeds a critical value, or the pressure in the vessel falls below 
a critical value, the vessel must close completely and flow cease. He has 
verified these predictions for vessels in several sites (13), finding that small 
vessels behave like rigid tubes as long as the pressure is well above critical 
closing pressure, but below this level the resistance to flow rises abruptly 
to infinity. 

The above considerations seem to apply as well to circulation in trans- 
planted tumors. The vascular supply of all rapidly growing transplanted 
tumors so far observed develops as a system of intercommunicating, 
sinusoidal capillaries, with many efferent and afferent vessels. The blood 
flow in the wide capillaries of tumors is slower than in capillaries of striated 
muscle. Likewise, it has been found that the blood pressure of tumor 
vessels approximates that of venous pressure.® 

From the experiments reported herein, it would be expected that any 
agent or condition that reduced the blood pressure in the arteries supplying 
a tumor would similarly interfere with circulation within the tumor. If 
the hypotensive state were maintained for a sufficiently prolonged time one 
would expect to find histologic or gross evidence of damage to the tumor 
tissue from the resultant ischemia. 

The question arises regarding the possible role of this mechanism in 
tumor damage induced by such agents as the bacterial polysaccharide from 
Serratia marcescens (14). In earlier transparent-chamber studies on this 
agent (/) circulatory effects were noted similar to those obtained through 
peripheral hypotension induced by histamine; namely, progressively 
increasing sluggish flow in arteries, accompanied by stasis of blood flow and 
occlusion of capillaries in both striated muscle and sarcomas, followed 
usually by hemorrhage after several hours or more of ischemia, with 
evidence of tumor damage 1 day later. Further work is in progress to 
determine whether hypotensive effects may account for the tumor damage 
induced by this agent. 


SUMMARY 


The transparent-chamber technique was used in making in vivo micro- 
scopic observations of changes in the blood supply of transplanted tumors 


‘ Algire, G.H. Unpublished data. 
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during experimental alterations in the peripheral blood pressure. Direct 
correlations were found between the blood pressure decrease in the host 
peripheral circulation and the reduction of circulation in capillaries of 
tumors and of surrounding tissues of the host. The reduction of tumor 
circulation was correlated with the duration and degree of the peripheral 
hypotension. Tumor damage resulted if the hypotensive state was 
prolonged for several hours or more. 


REFERENCES 


(1) Auerre, G. H., Lecauzats, F. Y., and Park, H. D.: Vascular reactions of 
normal and malignant tissues in vivo. II. The vascular reactions of normal 
and neoplastic tissues of mice to a bacterial polysaccharide from Serratia 
marcescens (Bacillus prodigiosus) culture filtrates. J. Nat. Cancer 
8: 53-62, 1947. 

(2) Best, O. H., and Taytor, N. B.: Physiological Basis of Medical Practice. 
5th edition, Williams & Wilkins, Baltimore, 1950, p. 196. 

(3) Ateire,G.H.: Blood pressure measurements and changes in peripheral vascular 

bed of unanesthetized mice. Fed. Proc. 8: 349, 1949. 








Inst. 












(4) Averre, G. H., and Lecauuais, F. Y.: Recent developments in the transparent- 
chamber technique as adapted to the mouse. J. Nat. Cancer Inst. 10: 225-253, 
1949. 

(5) Cuatkxutey, H. W.: Method for quantitative morphologic analysis of tissues. 
J. Nat. Cancer Inst. 4: 47-53, 1943. 

(6) Averre, G. H., and CuHatkiey, H. W.: Vascular reactions of normal and 


malignant tissues in vivo. II. Vascular reaction of mice to wounds and to 
normal and neoplastic transplants. J. Nat. Cancer Inst. 6: 73-85, 1945. 

(7) Younener, J.S., and Atatre, G. H.: The effect of vascular occlusion on trans- 
planted tumors. J. Nat. Cancer Inst. 10: 565-580, 1949. 

RosENTHAL, 8S. M.: Experimental chemotherapy of burns and shock. IV. 
Production of traumatic shock in mice. V. Therapy with mouse serum and 
sodium salts. Pub. Health Rep. 58: 1429-1436, 1943. 

(9) Barrett, M. K.: Anaphylaxis and hemorrhage in transplanted tumors. J. 
Nat. Cancer Inst. 2: 625-630, 1942. 

(10) Green, H. D.: Circulatory system: Physical principles, in Medical Physics, 
Vol. II. Edited by Glaser, O., Year Book Publishers, Chicago, 1950. 

(11) Lanpis, E. M.: Poiseuelle’s law and capillary circulation. Am. J. Physiol. 
103: 432-443, 1933. 

(12) Burton, A. C.: On the physical equilibrium of small blood vessels. Am. J. 
Physiol. 164: 319-329, 1951. 

(13) Nicuots, J., Grruinea, F., JeERRarD, W., CLaxton, E. B., and Burton, A. C.: 
Fundamental instability of the small blood vessels and critical closing pressures 
in vascular beds. Am. J. Physiol. 164: 330-344, 1951. 

(14) SuHear, M. J., Perravutt, A., and Apams, J. R., Jr.: Chemical treatment of 

tumors. VI. Method employed in determining the potency of hemorrhage 

producing bacterial preparations. J. Nat. Cancer Inst. 4: 99-105, 1943. 


(8 


~~ 




























HYPOTENSION AND TUMOR CIRCULATION 


PLATES 








JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 35 


Vascular bed of mammary adenocarcinoma. 
Ficure 1.—Prior to death, 46 percent vascular tissue. > 50. 
Figure 2.—Immediately after death by cervical dislocation, 8 percent vascular 


tissue. X 50. 
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PLATE 36 
Vascular bed of Sarcoma 37 (table 2, experiment 10 


Fiat RE 3. Prior to injection of histamine, 46} percent vascular tissue 50 


Figure 4.—Decrease in vascular percent resulting from stasis and occlusion after 


histamine injection, 20 percent vascular tissue 50. 
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PLATE 37 
Circulatory effects of low dose of histamine (1,080 micrograms of histamine base 
on Sarcoma 37 (selected from motion picture taken at 4 frames per second for 10 
minutes). 


Ficure 5.—Prior to injection. 


Ficure 6.—Beginning collapse of circulation 


FiGcuRe 7 Maximum ischemia. 
FiGuRE 8.—Recovery after 10 minutes 
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PLATE 38 


Stages in response of Sarcoma 37 to high dose of histamine 
15. 

Figure 9.—Tumor vascular bed prior to injection 

Ficure 10.—Tumor ischemia 30 minutes later 

FicuReE 11 Hemorrhage after 3 hours 

Ficure 12.—Further hemorrhage after 6 hours of hypoter 


Figure 13.—Opacity indicating necrosis after 24 hours 
Figure 14.—Necrosis after 48 hours 
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PLatTe 39 


Figure 15.—Central area of opacity and ischemia induced in Sarcoma 37 by high 
of histamine (table 2, experiment 15). 15. (Compare with figures 18 and 
Ficures 16 and 17.—Vascular reaction in Sarcoma 37 during anaphylactic resp: 
Selected from motion picture frames. 25. Figure 16 is prior to inject 


Figure 17 shows circulatory collapse a few minutes after injection 
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PLATE 40 


Central necrosis in Sarcoma 37 induced by high dose of histamine (table 
ment 15). 
Ficure 18.—Cross section of tumor and surrounding subcutaneous tissue 


Figure 19.—Central necrosis and adjacent undamaged tissue 400 
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THE CONVERSION OF 1t-VALINE TO GLY- 
COGEN AND CARBON DIOXIDE IN 
RATS RECEIVING p-DIMETHYLAMINO- 
AZOBENZENE! 


Wiis S. Fones and Junius Wuire, National Cancer 
Institute,? Bethesda, Md, 


INTRODUCTION 


Previous communications from this laboratory have shown that the 
methyl carbons of either p or L-valine can contribute to glycogen forma- 
tion in the fasting rat and also that the methyl carbons are, in part, 
converted to carbon dioxide (1, 2). The fact that rats with hepatomas 
are reported to have very little or no glycogen in the tumor (8) led us to 
determine whether fasting rats, that had previous to the fasting period 
been on a diet (4) containing p-dimethylaminoazobenzene (DAB), could 
convert t-valine to glycogen. Results of experiments showing this 
conversion together with a comparative study of the rate of conversion 
of the methyl groups of t-valine to carbon dioxide in control animals 
and animals receiving DAB form the subject matter of this paper. 


EXPERIMENTAL PROCEDURE 


The t-valine used in these experiments was prepared by the method 
reported earlier (1) and had the following constants (a)$°=+27.5°, C® 
atom—percent excess 2.34. 

Male rats of the Osborne-Mendel strain weighing 180-220 gm. after 
fasting 48 hours were used in all experiments. The experimental animals 
had received the diet (4) containing DAB for a minimum of 5 months and 
the control animals had been on an identical diet minus DAB for 3 weeks 
prior to the fasting period. 

The t-valine was administered as an aqueous solution by stomach 
tube in eight equal portions as previously reported (1). The animals 
were housed in metabolism cages arranged for the collection of expired 
carbon dioxide, urine, and feces. In the experiment designed to study 
the rate of isotope excretion in expired carbon dioxide, the animals were 
sacrificed at the end of the last collection period (33 hours) and in the 
other experiments at the end of 8 hours. In the latter cases the liver 
was removed and the tumor, if any, excised, following which glycogen 


' Received for publication June 7, 1951. 
? National Institutes of Health, Public Health Service, Federal Security Agency. 
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was isolated from liver, tumor, and muscle by the method of Stetten and 
Boxer (5). The isolated glycogen was degraded by the method of Wood 
et al. (6). 

The presence of tumor tissue as determined by gross observation was 
confirmed by microscopic examination of sections. 


RESULTS AND DISCUSSION 


Text-figure 1 shows the percentage of administered isotope recovered 
plotted against time for two control animals, one tumor-bearing animal 
and one animal that had been on a diet containing DAB for 5 months but 
that had not yet developed a tumor. The percentage recovery for the 
control animals and the rat receiving DAB but without a tumor is practi- 
cally the same during all collection periods. On the other hand the animal 
with a tumor expired a much smaller percentage of isotope over the total 
time of measurement though the difference was much less pronounced 
in the earlier part of the experiment. This suggests that the tumor animal 
may metabolize t-valine either qualitatively or quantitatively differently 
from the normal animal. In connection with this it should be noted 
that the recovery of isotope in the urine was approximately the same 
(<2 percent) for all four animals indicating the L-valine had been almost 
completely retained in all cases. 
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TEXT-FIGURE 1.—Percentage recovery of administered isotope from animals receiving 
isotopic Lt-valine. ©=animal receiving DAB but not having developed a tumor, 
A animal with primary hepatoma, [J and §§ control animals. 
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In table 1 are collected the data showing the atom-percent excess C™ in 
the liver, tumor, and muscle glycogen. The C™ enrichment was less in the 
liver glycogen of animals receiving DAB, regardless of whether or not 
they had developed a tumor, than in the liver glycogen of control animals. 
The quantity of glycogen isolated was less in the case of the animals with 
tumors as compared to control animals. However, the animal receiving 
a diet containing DAB but without yet developing a tumor had approxi- 
mately as much liver glycogen as the control animals. These data are 
in agreement with the idea of the metabolism by tumor animals, of 
i-valine in a manner different from normal animals. 

The atom-percent excess C™ in the tumor and liver glycogen was approx- 
imately the same except in the case of animal No. 78, and in that experi- 
ment the size of the sample isolated from the tumor was so small that the 
value was of questionable accuracy. The values given for tumor glycogen 
may of course represent that from normal cells always present in primary 
hepatomas. 


TABLE 1.—Data on fasting animals receiving isotopic L-valine 





Isotope Liver glycogen Tumor glycogen | Muscle glycogen 
recovere 
Valine '| Glucose | in ex- | 
T admin- | admin- vired | 
Tumor | jctered. | istered do; at ae Atom-;| Atom-| Atom- 
a me.’ lend ots Weight, | percent | Weight, | percent | Weight, | percent 
1B. , eta’ mg. excess | mg. | excess mg. excess 
burs, cu | Cw | Cs 
percent | 





An’ | DAB 
No animal 





yes 380 | 6. 29 | 10. 048 

yes 8 | 350 | 110 | . 017 

yes 8 350 |_-_-- | - 036 
| 





yes : 402 | 9. |} 190} .055 
no isa : 380 | 8. 230 | . 114 
. 098 





no ; 380 " | 190 











1 C4 atom-percent excess 2.34. 


The data showing the distribution of isotope in glycogen isolated from 
the animals bearing tumors are shown in table 2. The enrichment is 
approximately equal in all carbon atoms and is in accord with previous 
findings for normal animals. Apparently the same mechanism is oper- 
ating in tumor animals as in healthy animals though to a lesser degree, 
and the observed distribution can be accounted for by the conversion of 
L-valine to glycogen by the mechanism proposed earlier (1). This involves 
the conversion of t-valine to a-ketoisovaleric acid thence to isobutyric 
acid and finally to labeled carbon dioxide and a 8-labeled three carbon acid. 

The authors are indebted to Dr. Allen Eschenbrenner of this Institute 
for diagnosis of the liver tissues. 
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TaBLE 2.—Distribution of isotope in a glycogen after administration of labeled 
L-valine 





C8 atom-percent excess Isotope concentration in fractions from L. casei degradation, atom-percent excess 





Glycogen mixture ! Carbon atoms of glucose 





5 





0. 027 
. 053 








1 Liver glycogen plus ordinary glucdse. 


SUMMARY 


t-valine labeled in the methyl groups with C® was administered by 
stomach tube to normal rats and rats that had been on a diet containing 
p-dimethylaminoazobenzene (DAB). A study was made of the rate of 
expiration as carbon dioxide of the administered isotope and of the extent 
of the conversion of t-valine to glycogen. 

The rat receiving DAB in the diet but without developing a tumor 
expired approximately the same amount of isotope as the control animals. 
On the other hand the recovery from the tumor-bearing animal was much 
less. 

The rats receiving DAB either with or without tumors showed less 
conversion of L-valine to glycogen than control animals though the iso- 


lated glycogen showed the same pattern of isotope distribution. This 
indicates that the same mechanism operates in both types of animals 
though to a lesser extent in the tumor animals. 
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FURTHER OBSERVATIONS ON INHIBI- 
TION OF LYMPHOID TUMOR DEVELOP- 
MENT BY SHIELDING AND PARTIAL- 
BODY IRRADIATION OF MICE ?? 


Henry 8. Kaptan and Mary B. Brown, Department of 
Radiology, Stanford University School of Medicine, San 
Francisco, Calif. 


INTRODUCTION 


In a previous publication (1) it was reported that mice that develop a 
high incidence of lymphoid tumors after whole-body irradiation are 
refractory to radiation localized over the mediastinum, the upper or 
lower half of the body, or other small areas. These results were considered 
to exclude the hypothesis that such tumors arise solely as the result of a 
direct effect of X-rays upon a susceptible cell or tissue of origin. It 
seemed that an indirect mechanism must be operative, either alone or in 
conjunction with a direct effect. This paper presents the results of three 
recent experiments concerned with this phenomenon. 


EXPERIMENTAL PROCEDURE 


General. Strain C57 black mice were distributed evenly by randomiza- 
tion or littermate pairing among all experimental groups. Irradiation was 
started at 3343 days of age. When irradiation and other experimental 
manipulation had been completed, animals were maintained without 
further treatment on Purina laboratory chow and water ad libitum under 
identical laboratory conditions. Moribund animals were killed, and all 
dead animals were autopsied; representative tissues were taken for 
histologic examination in all instances where the diagnosis of a lymphoid 
tumor could not be made or excluded on gross inspection. Animals that 
died or were otherwise lost prior to the time of appearance of the earliest 
tumors have been excluded. 

Experiment 1. Five groups of randomly distributed mice were estab- 
lished (table 1), one of which was maintained as an untreated control but 
immobilized like the irradiated groups. A second group received X-ray 
treatment to the upper half of the body alone, in four equal doses of 
300 r® each at 2-week intervals. The third group received similar treat- 

' Received for publication June 4, 1951. 
2 These studies have been supported by a grant from the National Cancer Institute, National Institutes of 
Health, Public Health Service, Federal Security Agency. 


1 Physical factors of irradiation were: 120 KvP, 8 ma., 0.25 mm. Cu+1.0 mm. Al added filter, 30 cm. target- 
mouse distance, output 25 r per min. 
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ments directed alternately to the upper and lower halves of the body. 
Lead shields 3 mm. thick were used to protect the desired half of the body 
during irradiation. 


TABLE 1.—Effect of partial body irradiation on development of lymphomas in C57 black 
mice 
































IV 





300 rX4 q. | 37 | 3 
Whole body_-.____-_- 150 rX4 q. 53 | 
| 


X-ray treatment | Mice with lymphomas | Num- 
| Net , ber of 
Group | cree | Nu _| Average dead 
Region irradiated Dose mice oy mone | — period | nega- 
| | (days) | tive 
| | | a 
I eee 36 3 | 8 | 554 | 33 
(526-570) | 
| | |————_|—____— ERP 2 
II | Upper half body_---- 300 rX4 q. 40 3 | 8 | 345 | 37 
2 weeks (324-365 >) | 
III Alternate half body_- | 8 460 | 34 
2 weeks (420-508)| 












2weeks | (118-525) 
V | Whole body medias- | 150 rX4q. | 57 | 0 57 
tinum shielded 2 weeks | | 
| 








Total-body irradiation was administered to the fourth group in four 
doses of 150 r each at 2-week intervals. The volume dose was thus equal 
to that of the second and third groups. The final group received the same 
dose but a lead shield 3 mm. in thickness and 15 mm. in width was placed 
across the chest and mediastinum during irradiation. Animals were seg- 
regated in relation to sex after treatment. 

The experiment was therefore designed to test multiple possibilities: 

(a) Volume dose was made equal for the locally irradiated groups II 
and III as compared with the systemically irradiated group IV. If the 
difference in volume dose in earlier experiments had been responsible for 
the low incidence in locally treated animals, it might now be expected that 
the incidence in these groups would rise to the level observed in group IV. 

(b) If the mechanism by which irradiation induces lymphoid tumors 
were entirely indirect, it should be unnecessary to irradiate the thymic 
area, and the number of lymphoid tumors occurring in group V should be 
comparable with the response of group IV. 

(c) If the effects of irradiation on the upper and lower halves of the 
body are additive, lymphoid tumors should be observed in considerable 
numbers in group III, providing that the relatively long interval between 
successive treatments does not permit recovery. 

Experiment 2. It was thought desirable to determine the effect of alter- 
nate irradiation of the upper and lower halves of the body at increasing 
intervals of time as compared with the response to an equal dose of whole- 
body irradiation. Littermate C57 black mice of both sexes were dis- 
tributed at random among seven groups. 
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On the basis of dose-response studies (2) indicating that fractionated 
treatment at intervals of 4 or more days was associated with a higher 
incidence of lymphoid tumors and fewer initial radiation deaths, irradia- 
tion was carried out in four rounds at 4-day intervals. Five of the experi- 
mental groups were subjected to alternate irradiation of the upper and 
lower halves of the body at each round; the interval between irradiation 
of the two halves of the body ranged from 0 to 96 hours for the respective 
groups (table 2). Through miscalculation, the dose per treatment to the 
96-hour group was not doubled; this group therefore received only one 
half of the total cumulative dose delivered to the other groups. Two 
groups of mice served as whole-body irradiated controls, one receiving 
four single treatments at 4-day intervals in a dose equal to that of the 
alternate half-body irradiated groups, and the other receiving four split 
treatments, half of each dose being delivered at time zero and the other 
half 24 hours later. All animals were tied down during irradiation, and 
lead shields 3 mm. in thickness were used to protect the desired body areas.* 

Experiment 38. This experiment was designed to investigate two un- 
related possibilities: (a) that shielding of the ovaries might influence 
lymphoid tumor incidence in systemically irradiated mice, and (b) that 
shielding a small, “indifferent” region of the body containing no known 
endocrine organs or major lymphoid structures might protect against 
lymphoid tumor development through the operation of a humoral factor. 

Previous studies (3) have indicated that the ovaries could successfully 
be transplanted to the adductor muscles of the thigh, and vaginal smears 
have shown cyclic changes after such manipulation within 1 to 3 weeks. 
Inasmuch as shielding of the ovaries in the abdomen would necessarily 
have resulted in shielding such other important structures as the adrenal 
glands, intestine, spleen, and portions of the liver, it was thought desirable 
to transplant the ovaries to the leg prior to shielding. Accordingly, three 
groups of littermate female C57 black mice were established. Two of the 
groups were subjected to excision of both ovaries, which were then im- 
planted autologously into the adductor muscle mass of the right thigh at 
1 month of age. The third group was left intact (table 3). Irradiation 
was started 0 to 3 days later. All animals were immobilized during treat- 
ment, and lead shields 3 mm. in thickness and 10 mm. wide were placed 
over the right thighs of mice of one of the operated groups and of the intact 
group. The remaining operated control group received whole-body ir- 
radiation without shielding. Four doses of 119 r each were administered 
every 4 days.‘ Vaginal smears were made on eight selected animals from 
each group for a period of 6 weeks starting shortly after the first irradia- 
tion, and again for 1 week about 4 months later. Subsequent maintain- 
ance, observation, and autopsy studies were carried out as in Experiments 
1 and 2. 


‘ Physical factors of irradiation were: 120 KvP, 9 ma., 0.25 mm. Cu+1.0 mm. Al, HVL 0.36 mm. Cu, 30 cm. 
target-mouse distance, output 32.2 r per min. 
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RESULTS 


Results of the three experiments are summarized in tables 1, 2, and 3, 
respectively, and cumulative incidence curves of experiments 1 and 3 
are presented in text-figures 1 and 2, respectively. Differences in lym- 
phoid tumor incidence between any 2 groups have been tested for signifi- 
cance by the x? method, using Yates’ correction for continuity where 
necessary (4). Differences denoted as significant are associated with a 
probability of less than .01. 

Experiment 1. Lymphoid tumor incidence in the systemically irradiated 
group IV was significantly greater than that in locally irradiated mice, 
whose response was similar to that of untreated controls. Shielding of 
the chest and mediastinum abolished the response to systemic irradiation. 

Experiment 2. Lymphoid tumor incidence after alternate half-body 
irradiation was comparable with that of whole-body irradiation in equal 
dosage when the interval between the treatment of alternate halves was 6 
hours or less (table 2). When the interval was increased to 24 hours, 
there was some decrease in incidence, but whole-body irradiated controls 
receiving split doses at 24-hour intervals showed a commensurate increase 
in latent period. Only one lymphoid tumor (2 percent) occurred in 
group VII, which received alternate half-body treatments at 4-day 
intervals. This incidence is considerably less than previous experience 
would have indicated on the basis of the dose discrepancy alone, but 
because of the error in total dosage, this time interval is being restudied. 

Experiment 3. Animals of group I, subjected to ovarian transplantation 
and whole-body irradiation without shielding, developed a significantly 
greater lymphoid tumor incidence than that of the thigh-shielded groups 
(table 3). There is no evidence of an effect attributable to shielding of 
transplanted ovaries. However, shielding of an indifferent area of the 
body such as the thigh significantly inhibits the genesis of lymphoid tumors. 
Vaginal smears were irregular in all three groups, and difficult to interpret. 

The lymphoid tumors observed were essentially similar to those pre- 
viously described (5). In a few instances in which gross evidence of a 
lymphoid tumor at autopsy was equivocal or lacking, histologic sections 
have demonstrated, in keeping with previous experience (6, 7, 8), the 
presence of indisputable malignant lymphoid tumors confined entirely 
to one or both lobes of the thymus gland. In two instances, the disease 
was localized to the greatly expanded cortex of the thymus gland, with 
encroachment upon but not complete obliteration of the medullary zone. 
There was no histologic evidence of spread to any other lymphoid structure 
or to other viscera. In one instance, the first in our experience, similar 
evidence of a definitive local lymphoma was encountered in the spleen, 
with replacement of the architecture in one half of the spleen, partial 
permeation of the other pole, and no evidence of dissemination to other 
structures. These observations tend to confirm previously reported 
evidence (8) that lymphoid tumors arising in irradiated mice of this 
strain tend to make their first appearance in a single lymphoid structure, 
usually the thymus gland, and to disseminate as a secondary event. 
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DISCUSSION 


The results of Experiment 1 confirm the observation that local irradia- 
tion (of one half of the body) is ineffective in the induction of lymphomas, 
and eliminate the possibility that discrepancies in volume dose are 
responsible for this lack of effect. These findings support the earlier 
conclusion (1, 6) that the development of these tumors in systemically 
irradiated mice is not solely the result of a direct effect. . 

In Experiment 2, alternate half-body irradiation was just as effective as 
whole-body exposure of equal dosage when the interval between treatment 
of alternate halves was 24 hours or less. This response apparently fails 
when the interval is increased to 4 days (group VII, Experiment 2) or to 2 
weeks (group III, Experiment 1), suggesting that the additivity of the 
effects produced in the 2 halves of the body is dependent upon labile 
phenomena from which the animal is able to recover in an interval pre- 
sumed to range between 24 and 96 hours. 

This labile response is hypothetically consistent with the release by 
irradiation of a transient humoral material necessary for tumor induction. 
Support for this concept is to be found in Experiment 3, in which shielding 
of an “indifferent” region such as the thigh significantly protected mice 
against the leukemogenic action of X-rays. It may be postulated, for 
example, that a humoral factor is released from irradiated tissue but de- 
stroyed or inactivated by nonirradiated tissue, or by tissue that has 
recovered from the effects of irradiation, before its role in leukemogenesis 
can be fulfilled. The situation may well be analogous to the protective 
effect of spleen shielding on acute radiation mortality of mice, recently 
reported by Jacobson and his associates (9). 

The failure of lymphomas to occur in animals shielded over the chest 
and mediastinum (group V, Experiment 1) may also be interpreted as 
the expression of a labile humoral mechanism. In this instance, however, 
the thymus gland was not irradiated; the alternate possibility exists that 
a direct effect of radiation on this lymphoid structure is also essential for 
tumor development, since virtually all induced lymphomas of C57 black 
mice originate in the thymus gland. The lack of response of this group 
is at variance with the results of Lorenz in strain A mice (10), possibly on 
a genetic basis. 

A number of factors such as genetic constitution, age, endogenous and 
exogenous endocrine stimulation, dose and technique of administration of 
the leukemogenic agent, and shielding have been shown to influence the 
lymphoid tumor induction process to an important degree. The available 
information is consistent with the tentative hypothesis that lymphoid 
tumor development is dependent upon the attainment of a threshold state 
in the lymphoid tissues (particularly the thymus gland in many strains), 
and that this threshold is governed by the physiologic attributes of genetic 

constitution, by hormonal influences, and perhaps by other factors. 
Whatever the threshold for lymphoid neoplasia in any particular strain 
of mice, it may be exceeded by the additive effects of the direct and 
indirect actions of any given agent, as well as by the additive and syner- 
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gistic effects of two or more different agents (11, 12). Protective proce- 
dures such as shielding might then act by reducing the intensity of the 
indirect action of the agent (e. g. irradiation), while other procedures, 
such as testosterone administration (13, 14), might act by elevating the 
threshold or by reducing the susceptibility of lymphoid cells to the direct 
effects of the agent. In either case, the effect would be to decrease the 
probability of exceeding the threshold and thus of eliciting a lymphoid 
neoplasm. Conversely, a strain in which the threshold is intrinsically 
low might be expected to develop lymphomas after relatively mild stim- 
ulation. This hypothesis lends itself well to experimental testing and 
may therefore be of help in giving direction to subsequent investigations 
in this field. 
SUMMARY 


Three related experiments are reported that confirm and extend previous 
evidence that local irradiation is ineffective in the induction of mouse 
lymphoid tumors and that an indirect systemic mechanism must therefore 
be implicated. 

Experiment 1. One group of mice was given four doses of 300 r each 
at 2-week intervals over the upper half of the body only; 2 second group 
was given the same dose alternately over the upper and lcwer halves of 
the body; a third group received four similarly timed treatments of 150 r 
each over the whole body; a fourth group was treated like the third 
except that the mediastinal area was shielded with lead; and a fifth group 
was kept as an unirradiated control. Lymphoid tumor incidence after 
16 months was, respectively, 8, 8, 52, 0, and 8 percent. 

Experiment 2. Fractionated alternate irradiation of the upper and 
lower halves of the body at intervals of 0, 1, 6, and 24 hours yielded 
lymphoid tumors in 69, 74, 70, and 53 percent of the respective groups. 
This response was almost identical with that of mice receiving equivalent 
whole-body irradiation. Only 1 of 56 mice (2 percent) receiving alternate 
half-body treatments at 4-day intervals developed a lymphoma (but 
through error the total dose for this group was less). 

Experiment 3. This experiment was intended, in part, to study the 
effect of preserving ovarian function. The ovaries were transplanted to 
the muscle of the right hind leg in groups I and II, and left intact in 
group III. During irradiation, mice of group I were unshielded while 
those of groups II and III had a lead shield placed over the right hind 
leg. Lymphoma incidence to date has been 44, 10, and 10 percent, 
respectively. 

The significance of these results is discussed and a tentative working 
hypothesis formulated. 
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SPONTANEOUS AND INDUCED TUMORS 
IN HAIRED AND HAIRLESS STRAIN HR 
MICE! 


Marcaret K. Derincer, National Cancer Institute,’ 
Bethesda, Md. 


Although numerous investigators (1-4) have reported the development 
of papillomas and carcinomas in mice following painting of the skin with 
tar, and other investigators (5-9) have similarly reported the occurrence 
of these lesions after painting with pure chemical carcinogens, the occur- 
rence of spontaneous papillomas and carcinomas of the skin of mice is 
rare. This paper reports the spontaneous occurrence of papillomas and 
carcinomas of the skin in strain HR mice, and also the unusually high 
incidence of carcinomas of the skin in this strain following painting with 
a chemical carcinogen. In addition to lesions of the skin, various other 
types of lesions have been observed to occur in this strain of mice spon- 
taneously and following the intravenous injection of a chemical carcinogen. 
These lesions are also reported. 


MATERIALS AND METHODS 


A small group of strain HR mice was obtained in May 1947 from Dr. 
F. G. Carnochan of Carworth Farms, who had pen bred the stock that 
he had obtained from Dr. F. A. E. Crew of Edinburgh, Scotland. The 
animals have been inbred by brother X sister matings since their arrival 
in this laboratory. The animals used in the present experiment were of 
generations F, through F;. Autopsies were performed on some of the 
animals of the early group. Papillomas of the skin occurred spontaneously 
in 8 of a group of 39 animals. In 1 animal the papilloma underwent a 
carcinomatous transformation. The resulting carcinoma metastasized 
to the lung, lymph nodes, and kidney. 

Four hundred and seventy-three strain HR mice were produced for this 
experiment. Since hairless females are unable in most cases to nurse their 
young (10), the young produced were offspring of brother X sister matings 
of haired (Hr/hr) females who are able to nurse their young and hairless 
(hr/hr) males. From this type of mating one can expect one half of the 
animals to be haired (Hr/hr) and one half to be hairless (hr/Ar). Four 
groups of animals were used. The first group of 102 animals divided 
approximately equally as to sex and as to presence or absence of hair was 


1 Received for publication July 16, 1951. 
? National Institutes of Health, Public Health Service, Federal Security Agency. 
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painted on an interscapular area (approximately 1.52 cm.) with a 0.2 
percent solution of 20-methylcholanthrene in ether at weekly intervals for 
20 weeks; the second group of 101 animals divided approximately equally 
as to sex and as to presence or absence of hair was painted interscapularly 
with ether alone once a week for 20 weeks; and the third group of 134 
animals (divided as follows: 40 haired males, 37 hairless males, 29 haired 
females, and 28 hairless females) was maintained as an untreated contro] 
group. Painting was begun when the animals were 6 weeks of age. The 
fourth group of 136 animals (divided as follows: 32 haired males, 30 hairless 
males, 39 haired females, and 35 hairless females) was injected intraven- 
ously at 3 months of age with 0.5 mg. of 20-methylcholanthrene dispersed 
in 0.5 ec. of horse serum.* 

All the animals were kept in untreated wooden cages, eight animals to 
a cage, in an air-conditioned room, and were continuously supplied with 
pelleted food, the formula of which has been published (/1), and tap water. 
The painted animals were examined at weekly intervals, and when they 
developed large tumors or became moribund, autopsies were performed. 
In the group of animals that were injected intravenously autopsies were 
performed on a sample group of eight animals at 8 months of age, and 
the lungs were examined for the presence of tumors. The remainder of 
this group of animals (with the exception of a few animals) was killed and 
examined at 12 months of age. Tissues were fixed in Tellyesniczky’s 
fixative (70 percent ethyl alcohol, 20 parts; formalin, 2 parts; glacial acetic 
acid, 1 part) and stained with hematoxylin and eosin. 


RESULTS AND DISCUSSION 


The types of tumors found in treated and control strain HR mice are 
presented in table 1.4 Tumors occurring spontaneously in a group of 
breeding males and one of breeding females are also included in the table 
for the purpose of comparison. One hundred and twenty-seven of the 
original group of 473 animals were lost and were not included in the table. 
Twelve animals painted with methylcholanthrene, 28 painted with ether, 
and 36 untreated animals were omitted because of failure to obtain an 
autopsy owing to extreme autolysis of the animals when found dead or 
because the animals were missing from their cages. Fifty-one animals 
of the injected group were not included because of death immediately 
following injection or because of failure to obtain autopsies owing to 
extreme autolysis when found dead. Papillomas of the skin began to 
develop in animals painted with 20-methylcholanthrene as early as 12 
weeks after the first painting, and by the end of 32 weeks after the first 
painting all the animals had single or multiple papillomas in the painted 
area. Transformation of these papillomas to squamous-cell carcinomas 
occurred in 17 of the 23 haired males, in 17 of the 19 hairless males, in 12 
of the 23 haired females, and in 24 of the 25 hairless females. In some of 












3 The dispersion used in this experiment was prepared by Dr. Egon Lorenz of the National Cancer Institute. 
4 The author is indebted to Dr. Thelma B. Dunn, Pathologist, of the National Cancer Institute, who confirmed 
the diagnosis of many of the lesions observed in the animals of this experiment. 





TUMORS IN STRAIN HR MICE 439 


the animals in which the carcinomatous transformation had taken place 
there were also papillomas. The incidence of squamous-cell carcinomas is 
greater in hairless than in haired animals, and the difference is significant 
(X?=11.8; P<0.001). Subcutaneous fibrosarcomas developed in the 
area painted with methylcholanthrene in haired animals in 5 of the 23 
males and in 8 of the 23 females but in none of the hairless animals; in 
addition, a carcinosarcoma was observed in 1 haired male that had been 
painted with the carcinogen. In animals painted with ether alone papil- 
lomas developed in none of the 15 haired males, in 1 of the 14 hairless 
males, in 3 of the 22 haired females, and in 2 of the 22 hairless females. 
In untreated animals of this strain papillomas developed in 1 of the 28 
haired males, in 4 of the 21 hairless males, and in none of the 17 hairless 
breeding males. Papillomas developed in none of the 25 untreated haired 
females, in 2 of the 24 untreated hairless females, and in 1 of the 63 haired 
breeding females. The only squamous-cell carcinomas that developed in 
any of the ether painted or untreated animals were found in 2 of the 22 
hairless females that were painted with ether, and in 1 of the breeding 
females. 

It was particularly interesting to note the development of hemangio- 
endotheliomas in the strain HR mice. So far, no inbred strain of mice 
has been described in which spontaneous hemangio-endotheliomas occur 
frequently. In the present experiment 33 of the 178 untreated and 12 of 
the 73 ether-painted animals developed hemangio-endotheliomas in various 
sites such as the subcutaneous tissues, the liver, the spleen, the ovaries, 
and the mesentery. No hemangio-endotheliomas were observed in the 
animals painted with methylcholanthrene. This result can probably be 
explained by the fact that autopsies were performed on the latter animals 
at an earlier date than that at which the first hemangio-endothelioma was 
observed. There was no significant difference in the incidence of hemangio- 
endotheliomas in the untreated hairless and haired animals in this experi- 
ment (X?= 1.02; P is between 0.3 and 0.5), nor in the ether-painted hairless 
and haired animals (X?=1.4; P is between 0.2 and 0.3). This was con- 
trary to recent findings (12) in an experiment in which the tumor develop- 
ment in backcross mice was studied in groups of animals segregated for 
the hairless and pink-eye genes. A significantly greater number of 
hemangio-endotheliomas was found in the haired animals. Hemangio- 
endotheliomas have been produced with o-aminoazotoluene (13) in strains 
C, A, C3H, and C57 black, and it has been reported that strain C females 
are more susceptible than males to the production of hemangio-endo- 
theliomas. This sex difference was not seen in the present experiment. 
The difference in the incidence of these tumors in untreated males and 
females was not significant (X?=0.009; P is between 0.95 and 0.98). The 
same was true for mice of this strain painted with ether (X?=1.3; P is 
between 0.2 and 0.3). 

Hepatomas have been observed to occur in the animals painted with 
ether and also in the untreated animals but not in the animals painted with 
the carcinogen, which may be explained by the fact that autopsies were 
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performed on the painted animals when they were much younger than the 
age at which the first hepatomas were observed in the untreated and ether- 
painted animals. A higher incidence of spontaneous hepatomas (14) has 
been demonstrated in the males of the C3H strain than in the females of 
that strain. In the present experiment the incidence of hepatomas was 
also higher in the male than in the female strain HR mice painted with 
ether, and the difference was significant (X*=4.6; P is between 0.03 and 
0.04). The relationship in the case of the untreated males and females 
was of borderline significance (X?=3.809; P>0.05). 

There were more mammary gland tumors in the breeding females than in 
the virgin females, and the difference was significant. Nineteen of a total 
of 63 breeding females developed mammary gland tumors as compared 
with 1 of 44 ether-painted females (X?=13.2; P<0.001), and 1 of the 49 
untreated females (X?=14.8; P<0.001). This relationship is similar to 
that existing in strain A mice, where the incidence of mammary gland 
tumors in breeders is high (approximately 80 percent) and in virgins is 
low (approximately 5 percent) (15). 

In the group of animals injected intravenously with 20-methylcho- 
lanthrene an incidence of pulmonary tumors of 15.3 percent at an average 
age of 11.1 months and with an average number of nodules of 0.19 per 
mouse was found as compared with an incidence of 4.5 percent in the 
untreated virgin and breeding animals of this strain examined at an aver- 
age age of 18.9 months and with an average number of nodules of 0.045 
per mouse and of 2.7 percent in the ether-painted animals examined at an 
average age of 18.4 months and with an average number of nodules of 0.027 
per mouse. The incidence of pulmonary tumors in the injected animals 
was greater than that in the untreated animals and than that in the ether- 
painted animals, and the differences were significant (X?=9.1; P>0.01 and 
X*=7.2; P>0.01, respectively). However, the difference in the incidence 
of pulmonary tumors between the untreated animals and the ether- 
painted animals was not significant. 

In animals produced when the F, females of a cross between strain A, 
a strain highly susceptible to pulmonary tumors, and strain HR males 
were backcrossed to hairless males, it has been shown that the hairless 
(hr/hr) segregants were less susceptible than the haired (Hr/hr) to pul- 
monary tumors induced by intravenous injection of 1,2,5,6-dibenzan- 
thracene in horse serum (16). This has also been shown to hold true for 
spontaneous pulmonary tumors in this same type of backcross mice (12). 
No significant difference was found in the incidence of either spontaneous 
or induced pulmonary tumors between the haired and hairless segregants 
in the present experiment. 

Various other lesions, enumerated in table 1, have been observed in the 
untreated and in the ether-painted animals of this experiment. These 
lesions were not seen in the animals painted with a carcinogen because 
none of these animals lived to the age at which these lesions first appeared. 
Leukemias, reticulum-cell sarcomas, and Hodgkin-like lesions have been 
observed in a small number of animals. In addition, there were four sar- 
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comas of the uterus and four granulosa-cell tumors of the ovary, two 
papillary cystic tumors of the ovary, and one each of the following: 
sarcoma of the mammary gland, tumor of the Harderian gland, myo- 
epithelioma of the mammary gland region, adenocarcinoma of the uterus, 
and islet-cell tumor of the pancreas. 


SUMMARY 


In the present experiment papillomas of the skin developed in all of 
the strain HR mice following painting with 20-methylcholanthrene. Car- 
cinomatous transformations occurred in the papillomas in approximately 
70 of the 90 painted animals, a remarkably high number of cases. There 
was a significantly greater number of squamous-cell carcinomas in the 
hairless animals than in the haired animals of this strain. 

Hemangio-endotheliomas have been observed to occur in untreated 
and ether-painted control strain HR mice. Forty-five of a group of 251 
animals showed this lesion. 

Hepatomas were observed in untreated and ether-painted contro] 
animals, and they occurred in a significantly greater number in the males 
ian in the females. 

The incidence of mammary gland tumors was 30.1 percent in the 
breeding females as compared with an incidence of 2.1 percent in the 
virgin females. 


An incidence of pulmonary tumors of 15.3 percent was found in the 


strain HR animals injected intravenously with 20-methylcholanthrene. 
There was a significantly greater number of tumors in the injected animals 
than in the untreated animals. There was no difference in the incidence 
of induced pulmonary tumors in the haired and hairless segregants, nor 
in the males and females of this strain. 

Several other types of lesions have been observed to occur in the strain 
HR animals in a small number of cases. 
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DOSE-RESPONSE RELATIONS IN EXPERI- 
MENTAL TRANSMISSION OF AVIAN 
ERYTHROMYELOBLASTIC LEUKOSIS. I. 
HOST-RESPONSE TO THE VIRUS '? 


Epwarp A. Ecxert,’? Dorotny Brearp, and J. W. Bearp,‘ 
Department of Surgery, Duke University School of Medicine, 
Durham, N. C. 


Erythromyeloblastic leukosis (1) is a virus-induced neoplastic disease- 
complex of chickens characterized by the appearance of large numbers 
of primitive cells in the blood stream. The disease can be passed to 
susceptible chickens by the filterable agent (2-4) present in the blood 
plasma of affected birds. Transmission can be accomplished, likewise, 
by inoculation with the whole blood of leukotic chicks, but the results 
obtained with whole blood differ, in certain respects (5), from those 
observed with filtered plasma. It seems likely that this difference is 
related to the malignant potentialities of the primitive cells, themselves, 
which multiply on transplantation to the new host. From the results 
of many investigations of this condition, it is evident that a number of 
etiologic factors, exclusive of host influence relative to resistance and 
susceptibility, may be concerned in experimental transmission of erythro- 
myeloblastic leukosis: (a) multiplication of transferred malignant cells 
independent of virus influence; (b) infection by virus of susceptible cells 
of the recipient animal resulting in the origin, de novo, of malignant cells 
from the tissues of the recipient; and (c) establishment of the malignant 
process in the recipient animal by virtue of multiplication of the specific 
transferred malignant cells under the influence of contained or associated 
virus. 

Though experimental transmission has been effected as a matter of 
course in the numerous studies of this, as well as other forms of avian 
leukosis, quantitative assay of the various factors contributing to induc- 
tion of the disease has been approached in only few instances (3,4). The 
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lack of data and the need for procedures for the quantitative measurement 
of leukosis virus infectivity and differentiation between the various 
possible transmission potentialities became apparent with the under- 
taking of the problem of isolating and purifying the virus of this form of 
leukosis. For such work, titrations of the transmission potentialities of 
the disease are essential for: (a) differentiation between viral and cellular 
activity; (b) determination of the virus content of the tissues or fluids 
available as starting materials; (c) the development of the fractionation 
process; and (d) identification of the biologic properties of the purified 
material with those of the virus. 

In the present work studies were made of host-response to graded doses 
of plasma from chickens diseased with erythromyeloblastic leukosis, 
Dose-response relations already established as suitable for quantitative 
analyses in analogous studies on other viral agents are: (a) a relation 
of latent period to logarithm of dosage, and (b) the relation of frequency 
of positive inoculations to the logarithm of dosage. That both latent 
period and incidence may be related to dosage in the transmission of this 
type of leukosis by the virus has already been observed in previous 
studies (3). The methods of analysis of dose-response data dealing with 
latent period and quantal response have been discussed in detail with 
respect to application to problems of the sort encountered in the present 
work (6-8). The results of the studies described here indicate that analyses 
on the basis of either latent period or frequency of positive inoculations 
can be employed as quantitative measures of response to the agent present 
in filtered plasma. 

MATERIALS AND METHODS 


The condition studied in the present work was derived from a strain 
[B.A.I. strain A (4)] of the erythromyeloblastic form of fowl leukosis 
obtained from a single donor chicken furnished by Dr. E. P. Johnson. 
This New Hampshire pullet, received October 3, 1949, had been inoculated 
with whole blood approximately 3 weeks previously, and it survived until 
January 21, 1950. Hematocrit studies on October 6, 1949, showed red 
blood cells (RBC) 25 percent and white blood cells (WBC) 6.5 percent; 
the ratio of the number of primitive cells to the number of RBC deter- 
mined from stained smears at this time was 29:491, rising progressively 
to 394:385 on October 31, 1949. The blood of this bird was used for the 
preliminary passages furnishing the material for the subsequent experi- 
ments (Chart 1). 

Chart 1. Origin and interrelations of material used in the various experi- 
ments. The unbroken lines (—) represent passage by means of whole 
blood; the broken dash lines (— —) were passages by means of cell-free 
plasma; and the broken dash-dot line (—~-—) was passage of washed 
primitive cells in work to be described in a subsequent report. The dates 
refer to the dates of the inoculations. 
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Chicks for test inoculation were obtained from local hatcheries on the 
day of hatching. All the birds used in these experiments with plasma were 
of the New Hampshire breed hatched from the eggs of a single flock of 
hens. 

Inoculations were made in volumes of 0.1 ml. into the wing vein of the 
chicks about 72 hours (4) after they were hatched. The chicks were 
thoroughly warmed under an electric light before inoculation, and mineral 
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oil was applied liberally with a brush over the vein, which was then clearly 
shown by means of transmitted light passing through an opening in the 
table. Needles of No. 27 gauge, carefully honed, and 1-ml. tuberculin 
syringes were employed. Each dilution was inoculated into 120 chicks. 

Cell-free plasma. On the day before that of the experiment, primitive 
cell counts were made on chicks from a previous experiment as seen jp 
Chart 1, which shows the interrelations of the various studies leading to 
those discussed here. At about 7:00 a. m. on the day of the experiment, 
the donors selected on the basis of large numbers of circulating primitive 
cells were bled from the heart into heparin (Liquaemin, ‘Roche-Organon’, 
1 ml.=10 mg.) in the proportion of 1 ml. of heparin to a total volume of 
10 ml. The blood was pooled during the bleeding and, after any large 
clots were removed by filtration through gauze, most of the cells were 
sedimented by low-speed horizontal centrifugation (2,000 X g in 50-ml, 
round-bottom glass tubes in the cold room). The plasma was pipetted 
off and spun again as before. It was then filtered through a Selas 02 
porcelain filter candle (Selas Corporation of America, Scientific Equip- 
ment Division, Philadelphia, Pa.) to remove residual cells; the time 
required to pass 40 ml. of plasma through a 4’’ (# FP-54) candle at 4 
pounds positive pressure was 6-8 minutes. 

Dilutions of the filtered plasma were made with BSA-Simms’ solution 
in five-fold increments through the range of 10° through 10-**. Thus 
the range of doses for the individual groups was 10~' through 10~** ml. of 
plasma. Each dilution was made immediately before injection, and 
tubes containing the materials were kept either in the ice box or immersed 
in ice water. Inoculations were begun at approximately 9:00 a. m., 
about 2 hours after collection of the blood was begun. All inoculations 
were made by the same operator, and a total number of 720 birds was 
injected within 3% hours. 

The diluent BSA-Simms’ solution consisted of 1.5 percent bovine serum 
albumin (5.0 ml. of the 30 percent solution of bovine serum albumin, 
Armour, added to 95 ml. of the saline solution) in Simms’ (9) salt solution. 
The latter contained NaCl, 8.00 gm.; KCl, 0.20 gm.; CaCl,.2H,O, 0.147 
gm.; MgCl,.6H,O, 0.203 gm.; NaHCO;, 1.01 gm.; Na,HPO,, 0.213 gm.; 
and distilled water to make 1 liter. Dextrose was omitted. The saline 
solution was sterilized with ultraviolet light in the chamber previously 
described (10) and kept in the cold until used. The BSA-Simms’ diluent 
was prepared just before use, and the pH was adjusted, if necessary, to 
7.2—7.4. 

Cell counts were made in Neubauer counting chambers, with dilution 
being effected in calibrated (Bureau of Standards) red-blood-cell pipettes. 
The diluent was a solution containing 50 mg. of phloxine (1/1) and 5 ml. 
of neutral formalin in 95 ml. of Ringer’s solution. Hematocrit measure- 
ments were made in Wintrobe tubes spun at 900g for 30 minutes at 
room temperature. 


Diagnosis. Examination was made of blood smears of all chicks twice 
each week beginning 16 days after inoculation. The wing surface was 
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swabbed with 70 percent alcohol, and the wing vein was punctured with 
a separate sterile sewing needle for each bird. Blood smears were pulled 
on acid-cleaned air-dried microscopic slides, using a second slide with 
ground corners as a spreader. 

The blood smears, stained with Wright’s stain, were examined routinely 
under a high-dry lens with a specially built automatic micro slide projector, 
which has been described elsewhere (12). Smears averaging 1-3 primitive 
cells per field were graded as (+) and 3-6 cells per field as (++). Smears 
regarded as definitely positive (++) contained at least 8 of these cells 
per field. Larger numbers of cells were rated (+++) and (++++), 
in both of which cases the number of primitive cells approached or exceeded 
the number of red blood cells. Counts of the primitive cells demonstrated 
that the (++) reading indicated about 5X10’ to 10* immature cells 
per ml. The various other gradings were employed to designate the 
course and progress of the disease. 

All slides were saved until completion of the experiment. The key 
slides, usually 4 per positive chicken, were rechecked by a single observer. 
At least 6 widely separated fields were examined, and the slides were 
rated positive (+-+-) if there was an average of 8 or more immature cells 
per field. Two successive positive slides or a positive slide followed by 
death of the chicken before the next examination constituted the cri- 
terion for a positive inoculation. The latent period was calculated as 
the time in days between inoculation and the first confirmed positive 
(++) slide. 

Controls. The previous experience of other investigators (13) working 
with this disease has shown that transmission by cage contact occurs 
rarely, if at all, and that the frequency occurrence of the disease in nature 
is without significance with respect to the incidence in the present work. 
Nevertheless, a total of 481 birds has been examined as controls; of these, 
60 were injected with various saline diluents without diseased material, 
and the remainder were housed in the same room, but not necessarily 
in the same cage, with birds receiving infectious material. These chicks 
were kept for the various periods of the respective experiments with 
which they were associated. No evidence was ever seen of spontaneous . 
occurrence of the disease. 

RESULTS 


The principal results described here were obtained in three experiments. 

Experiment 22. Four donor chickens from experiment 18 (Chart 1) 
were bled 35 days after being inoculated and an average of 9 days after 
first showing a positive blood picture. The hematocrit of the blood was: 
plasma, 41.0; WBC, 47.2; and RBC, 11.8 percent. The white-cell count 
was 1,500,000 per mm.* (1.5X10° per ml.), and the red-cell count 
680,000.5 Cell-free plasma was prepared and diluted with BSA-Simms’ 


5 Cell counts were considered more reliable than hematocrit values, since the division between red and white 
cells is not sharp when the white-cell volume is very large. 
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solution as described above. The elapsed time for the entire procedure 
of preparing plasma and inoculating chickens was 8 hours. 

Experiment 23. Nine donor chickens from experiment 18 were bled 
42 days after inoculation and on an average of 10 days after becoming 
positive. The hematocrit was: plasma, 50.7; WBC, 37.1; and RBC, 
12.2 percent. The white-cell count was 1,090,000 (10° cells per ml) 
and the red-cell count 620,000 per mm.’ BSA-Simms’ solution was used 
as the diluent, and the entire procedure was completed within 8 hours, 

Experiment 25. Five donor birds from experiment 22 were bled 50 days 
after inoculation and on‘an average of 14 days after the blood picture 
became positive. The hematocrit was: plasma, 49.0; WBC, 37.1; and 
RBC, 13.6. The white-cell count was 1,100,000 (10° cells per ml.) 
and the red-cell count 1,250,000 per mm.’ BSA-Simms’ solution was the 
diluent, and the bleeding and inoculation procedures required 8 hours. 

The results of these experiments are given in tables 1, 2, and 3 in which 
the frequency of positive inoculation for each dose group is shown in 
relation to latent period. While 120 chicks were injected in each dose 
group, not all of the birds without disease survived the experimental 
period. It was necessary, therefore, to make corrections in the total 
number of inoculated chicks by taking into account these extraneous 
mortalities. For this purpose, each negative chicken was rated on the 
the basis of how long it survived, not in terms of time, but in those of the 
accumulated percentage of positive chickens infected within its survival 
time, following the method of Bryan and Shimkin (8). The frequency 
response, in terms of percent positive inoculations, was calculated on 
the basis of these corrected totals. In its final form, the \atent period 
response was measured in terms of the reciprocal of the latent period. 
The response of the individual dose groups was expressed as the mean 
of the reciprocal latent periods for all positive chickens in the dose group. 
Negative chickens were not included in the analysis. The mean re- 
sponses were multiplied by a factor of 100. The results of the experiments 
are consistent in showing that the dose of plasma exerts an influence on 
both the number of chickens becoming positive in the respective dose 
groups and on the latent period of the disease as well. 

Probit analysis. Consideration of the data on frequency response in 
tables 1-3 shows that, within the dose range employed, the incidence of 
positive response was far below 100 percent with even the largest dose 
employed. Furthermore, the incidence with the smallest doses, 3.5 ten- 
fold dilutions less than the largest, was still well above 0, except in one 
instance which was subsequently seen to be far outside the limits of ex- 


* For example, a negative chicken surviving the entire experiment was valued as ‘‘1 inoculated chicken”’; a neg- 
ative chicken dead at 33 days, in a 60-day experiment, would count as “0.33 inoculated chicken”’ if 21 (i ¢., about 
1/3) of the final] total of 64 positive birds became positive within the 33-day period. A positive chicken was 
also counted as “1 inoculated chicken.”” The corrected total number of chicks inoculated with dose 10-*-4 ml. 
in experiment 22 was determined as follows: 56 positive chickensX 1=56; 59 negative surviving chickensX1=59; 


2 negative chickens dying immediately after the reading on the 30th day, 2X5 = 0.21 inoculated chickens; 


3 dying at the 37th day, sxua1.13 inoculated chickens, giving a corrected inoculated total of 116.34, a value 
approximated at 116, 
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TABLE 1.—The results of experiment 22 
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TaBLE 2.— The results of experiment 23 
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TABLE 3.—The results of experiment 25 
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pected variation. The experimental points relating percentile response 
and logarithm of dose were adequately characterized by a linear relation 
over the dose range investigated, the calculated line for experiment 25 
being shown in text-figure 1. Comparison with analogous host responses 
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TextT-FicuRrE 1.—The relation of incidence to graded doses of the vaccinia (V), rabbit 
papilloma (P), myxoma (M), fowl sarcoma (FS) and erythromyeloblastic leukosis 
viruses and to those of methylcholanthrene (MCA). The units of the abscissa are 
intervals of unit logio dilution. 
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to other materials makes it appear unlikely that such a linear relation 
would be applicable over the entire hypothetical dose range from 100 to 0 
percent positive responses. As seen in text-figure 1, the data obtained 
with a variety of materials can be fitted to S-shaped curves, and it is 
possible that extension of the range would reveal a similar relationship 
for leukosis. Indeed, calculation of the normal sigmoid curve for the 
leukosis data reveals that over the experimental range such an S-shaped 
curve could not be distinguished from a straight line. 

It has been observed, however, that such S-shaped dose-response curves 
may be converted (14-16) to linear relations by transformation of percen- 
tile response into units of normal equivalent deviation or probits. The 
empirical probits corresponding to the observed percentile responses were 
obtained from a standard conversion table [Finney (17)], and are shown 
i- the points about the three lines to the left side of text-figure 2. The 
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TEXT-FIGURE 2.—Dose-response relations with filtered plasma in experiments 22, 23, 
and 25. Each point refers to the mean response for approximately 120 inoculated 
chicks. 


respective regression lines through these points were calculated by the 
method of Bliss (15). An excellent fit of the experimental points to these 
lines seems evident—only a single value, that corresponding to the 107!7 
ml. dose in experiment 23 (text-fig. 2), exceeding a deviation of more than 
0.5 log dose from its respective line. The apparent linearity of the rela- 
tionship over this dose range was borne out on further analysis. In table 
4, in which the statistics of the probit analyses are summarized, it is seen 
that the x? values in the tests of heterogeneity of the experimental points 
about the calculated line in the three experiments are well below the 
respective 5 percent levels. 
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TaBLe 4.—Summary of statistics of probit analysis, experiments 22, 


28, and 25 
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Latent period relationships. 


! No heterogeneity since less than value for 5-percent level. 


With the data of tables 1, 2, and 3, analyses 
were made to determine the character of the dose-latent-period response. 


The results showed that the relationship of latent period in days to dose in 


log ml. of inoculum was roughly linear. 


At the same time, however, 


there was observed a large variation of the dose-group responses about the 


line. 


As the result of further calculation, the most useful transformation 


of the latent period response was found to be the mean reciprocal of the 
latent period, which, for convenience with respect to the size of the num- 


bers, was multiplied by 100. 


The mean dose-group responses calculated from the data of the three 
experiments are listed in tables 1-3, and the corresponding points are 
Calculation of the respective lines 
through the points was made by the method of least squares, weighting 
each point on the basis of the number of positive chickens and the recip- 


charted to the right in text-figure 2. 


rocal of its variance. 


The distribution of points representing the mean 


response of each dose group about the calculated regression line clearly 
indicates a probable linear dependence of response on dose. 


it was found that the fit of the points to the line was excellent. 


In general, 
One point 


(10-?* ml. dose, experiment 22, text-fig. 2) deviated markedly from the 
regression and was omitted in the final calculations, giving the line shown 
In the summary of the statistics of 
the latent period analyses in table 5, it is seen that the values of x? in the 
tests for heterogeneity were substantially less than the respective 5 percent 


for this experiment in text-figure 2. 


values. 


Thus, the results of the x’ tests reveal no heterogeneity of dis- 


tribution of points about the regression lines. However, if the 1 deviant 


point referred to above were included in the calculation of experiment 22, 
heterogeneity resulted. This supports the decision to eliminate this 
point from the results. The standard errors of estimate in table 5 con- 


stitute measures of the precision of the individual dose-response relations. 
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TaBLE 5.—Summary of statistics of latent period analysis, experiments 22, 28, and 26 
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1 No heterogeneity since less than 5-percent value. 


Another phase of the analysis of host response is the distribution of the 
latent periods of the individual chickens in a dose group about the mean 
response of the group. This has two aspects, the extent and the character 
or curve of the distribution. The spread of responses within the dose 
groups was very broad, as for example, those to dose 10!” ml. of plasma 
of table 1, wherein the mean response was 31 days, and the individual 
latent periods varied from 19 to 54 days with occasional positive chickens 
arising at longer intervals. A second characteristic is the apparent 
dependence of the extent of variation of latent period on the dose, for as 
the dose was decreased the range of responses was lessened. Calculation 
of the variances for the individual dose-groups confirmed both these 
observations. The calculated variances (8) disclosed a dependence on 
dose for the three experiments (text-fig. 3). Plotting the variances on a 
logarithmic scale gave a straight-line relation calculated by the method 
of least squares as shown in text-figure 3. The data are not sufficient to 
determine whether the relation is truly logarithmic and whether the line 
is generally applicable; but the calculated variances taken from this 
line were used in preference to the experimental variances in all 
calculations. 

The nature of the variation of the individual latent periods for chickens 
in a typical dose group is shown in the accumulated frequency-time curve 
of text-figure 4, the mean response being at 31 days. More precise 
statements were available; thus, if the accumulated percentage responses 
were transformed into probit units, a straight line should have resulted 
if the distribution of individual responses about the mean followed the 
normal curve. Since the numbers of responses in each dose group were 
limited, more extensive results were obtained by combining the dose 
groups in the individual experiment. This was accomplished by expressing 
variation of responses about each mean in standard deviation units (the 
square roots of the variances for each dose group), thus reducing all 
variations to a common scale. Application of the test to the three experi- 
ments is shown in text-figure 5. Deviation of the straight lines from the 
points occurred only at the extremes, so that, in general, the distribution 
of individual reciprocals of the latent periods about the means of the 
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TEXT-FIGURE 3.— Dependence of the variance on the dose of filtered plasma in experi- 


ments 22, 23, and 25. The scale of the variance is logarithmic. 
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TEXxT-FIGURE 4.—Experimental accumulative frequency-time curve for a dose of 
— 1.7 log ml. of plasma inoculated into 120 test chicks in experiment 25. 
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TeXxT-FIGURE 5.—Test of the normal distribution of the reciprocal of the latent period 
of individual chickens about the dose group means in experiments 22, 23, and 25. 


dose-groups may be considered as following the normal distribution curve. 

Information concerning the nature of the distribution of individual 
chicken responses is applicable to several aspects of the problem. Weight- 
ing coefficients, reflecting the reliability of the value, were applied to each 
experimental point in the calculation of the regression of latent-period 
response on dose. Since the individual points were based on unequal 
numbers of positive chickens and since the variance was a measure of the 
probable error of an estimate, the weighting of a point was taken as 
the product of the number of positive birds and the reciprocal of the 
variance for the dose group. Secondly, the demonstration of a normal 
distribution of latent-period responses about their mean makes available 
the statistical techniques applicable to this distribution for the develop- 
ment of a bioassay method for the leukosis virus based on latent period. 
Finally, comparison of the variance of the dose groups with the slope of the 
dose-response curve indicates the precision with which the virus of a 
leukotic plasma can be assayed. The flatness of the slope, combined with 
a relatively large variance, sets a limit to the accuracy of an assay and 
makes necessary the use of large numbers of test animals. 

The computed time-accumulated frequency curves (18) at all dose 
levels are shown in text-figure 6. The curves were determined on the 
basis of the calculated latent period and probit relations, the variance for 
the doses, and the normal frequency distribution. The result is a family 
of smooth curves representing the response of each dose group at all time 
intervals. In addition to summarizing the responses at each dose level, 
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TEXT-FIGURE 6.—Calculated accumulative frequency-time curves for the 6 dose 
groups in experiment 25. 


such curves provide a basis for the planning of future experiments and 
for estimating potency differences previous to the completion of the 
experiment. 


DISCUSSION 


The results of the present work clearly demonstrate quantitative dose- 
response relationships in the experimental transmission of erythromyelo- 
blastic leukosis by the virus present in filtered leukotic plasma. It is 
evident, also, that host-response to graded doses of the virus in terms of 
either incidence or latent period is susceptible to transformation to simple 
linear relations that can be employed for bioassay of the transmission 
potentialities or infectivity of this leukosis virus. 

While certain of the dose-response relations observed with the leukosis 
virus resemble those found with other viruses with respect to incubation 
or latent period and to incidence, major differences likewise are evident as 
are illustrated in text-figure 1. Here it is seen that the relation of positive 
inoculations to dose in log units is a sigmoid curve in the instance of the 
vaccinia (19), rabbit papilloma (20), myxoma (2/), and fowl sarcoma (22) 
viruses. A like curve is obtained (18) in the induction of tumors with 
methylcholanthrene. In contrast, the analogous curve with leukosis 
virus, in the range studied, is essentially linear. Moreover, whereas the 
incidence of positive inoculation with all of these agents traverses the 
range from essentially 0 to 100 percent incidence in a brief range of dilu- 
tion, such is not the case for the leukosis virus. A wide range of doses of 
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the fowl sarcoma virus was necessary to vary the incidence from 0 to 100 
percent positive, but in the instance of the leukosis virus, a similar range 
of doses increased the incidence only from 20 to 60 percent positive. 

Despite these apparent differences, it is not unlikely that the dose re- 
sponses to all of these substances are fundamentally alike; otherwise, the 
host-virus relations with the leukosis virus would be unique among the 
animal viruses thus far studied. It is probable that a sigmoid curve of 
exceedingly shallow slope would be observed with the leukosis virus if it 
were practical to examine the higher and lower limits of the range of in- 
cidence. The former would require excessive amounts of virus not yet 
available; and the latter, impractical numbers of test birds in order to 
produce significant results in view of the very low incidence in this region. 
The results with all these agents are susceptible to interpretation on a 
common basis if the character of the dose-response curves is regarded as 
dependent on a normal distribution of resistance and susceptibility among 
the host population. Another view has been expressed with regard to 
the character of the dose-response relations with other viruses, particularly 
those to vaccinia virus (19) and the agent of infectious myxoma (21). In 
these instances, the incidence curves resembled a Poisson distribution, 
and the characters of the curves were related solely to the infectious ca- 
pacity of the virus. Obviously, the results with the leukosis virus are 
not in accord with this hypothesis, but it is equally clear that the dose- 
response relations are those to be expected if the characters of the relation 
are dependent on variation among the individuals of the host population. 
Indeed, it has already been shown (6) that the relations with the vaccinia, 
rabbit papilloma, and myxoma viruses are better explained on the basis 
of host-response than on that of the Poisson distribution. The results 
obtained with methylcholanthrene (18) and the fowl sarcoma (22) virus 
are likewise interpretable on this basis. 

An outstanding characteristic of host-response to the leukosis virus is 
the extreme variation in host susceptibility to the agent. This is shown 
not only by incidence but more so by the extremes of reaction to the virus 
evident in the wide variation in latent period within the group finally 
susceptible to infection by a given inoculum. Appreciation of the actually 
enormous resistance of a large proportion of the individuals of the host 
population is heightened by evidence, to be reported later in detail, that 
the 107' ml. volume of plasma may contain 10° leukosis-virus particles. 
Thus, approximately 40 percent of the chicks are completely refractory 
to this amount of virus, and only about 20 percent are susceptible to ap- 
proximately 10° virus particles. 


SUMMARY 


Studies have been made of dose-response relations in the experimental 
transmission of avian erythromyeloblastic leukosis by virus present in 
filtered plasma from leukotic chicks. There was observed a linear re- 
lationship between dose in log milliliters of plasma and the reciprocal of 
the latent period. A similar relationship was found between log dose in 
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milliliters of plasma, and the incidence of positive inoculations expressed 
in probits. Both relationships were found suitable for bioassay of the 
leukosis virus under conditions practical for large-scale work. 
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